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V  It  E  V  A  0  E. 


Although  the  zinc  industry  of  the  world  ranks  in  importance  with  tlm 
copper  and  lead  industries,  there  lias  never  been  printed  heretofore  a  special 
treatise  on  the  metallurgy  of  zinc,  Such  essays  on  this  subject  as  have  been 
published  in  generally  available  form  are  (unbodied  in  the  band  books  cm 
general  metallurgy  and  industrial  chemistry,  which  being  necessarily  brief 
fail  to  describe  adequately  tin*  modern  practice  in  thin  branch  of  metallurgy. 
Besides  these  there  is  no  literature  on  the  subject  save*  in  the  flics  of  technical 
periodicals  and  the  transactions  of  scientific  societies,  chiefly  French  and 
German,  inasmuch  as  the  Belgian  and  German  engineers  have  led  the  way 
in  this  brunch  of  metallurgy,  until  recently  at  least. 

I  have  purposely  given  this  treatise  an  encyclopaedic  character,  going 
minutely  into  descriptions  of  many  furnaces  and  processes  which  are  old 
and  out-of-date,  and  many  new  ones  which  have  not  been  tried  practically, 
partly  because  the  metallurgy  of  zinc  bus  not  yet  crystallized  to  the  stage 
where  certain  methods  can  he  definitely  pronounced  best  or  pointed  out  as 
indicating  the  only  lines  to  follow  in  modern  practice,  and  partly  because  a 
record  #f  all  that  has  been  done  is  useful  as  a  lmsis  for  new  experimental 
work.  There  are  many  places  where  the  roasting  and  distillation  furnaces 
of  the  type  of  thirty  years  ago  are  still  in  use,  not  merely  as  the  relics  of  an 
old  practice,  hut  as  recent  creations. 

The  metallurgy  of  zinc  is  peculiar  in  embodying  many  features  of  indus¬ 
tries  which  do  not  belong  to  the  domain  of  metallurgy  alone.  Hie  calcina¬ 
tion  of  calamine  is  a  process  which  is  analogous  to  lime-burning,  both  in  its 
chemical  and  mechanical  aspects;  until  recently  the  shaft  furnaces  used  for 
both  purposes  were  practically  identical.  The  manufacture  of  the  retorts 
required  for  the  distillation  of  zinc  ore  is  directly  a  branch  of  the  pottery 
industry,  and  much  is  to  be  learned  from  a  study  of  the  latter,  further¬ 
more  there  is  a  strong  resemblance  in  some  respects  betw<**n  the  zinc  indus¬ 
try  and  the  glass  industry,  which  is  not  surprising,  inasmuch  ns  the  original 
Silesian  distillation  furnaces  were  built  after  the  type  of  the  glass  furnaces 
of  that  day.  Finally  the  zinc  distillation  furnace  embodies  the  essential 
feature*  of  the  retort  furnace  for  the  manufacture  of  illuminating  gas; 
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PREFACE. 


the  distillation  furnace  is  in  fact  one  in  which  a  distillation  of  coal  is  carried 
out,  but  its  chief  object  is  the  recovery  of  zinc  and  not  the  production  of 
coal  gas,  and  the  latter,  which  is  produced  incidentally,  is  wasted  in  large 
quantities,  no  satisfactory  method  for  its  utilization  having  yet  been  devised. 

Besides  the  analogies  which  the  metallurgy  of  zinc  presents  with  the  other 
branches  of  industry  enumerated  above,  it  laps  over  into  some  others,  so  that 
no  sharp  dividing  line  can  be  drawn.  Thus  zinc  ore  occurs  frequently  in 
connection  with  lead  ore  and  in  the  recovery  o?  the  two  metals,  the  metal¬ 
lurgy  of  zinc  is  intertwined  with  the  metallurgy  of  lead ;  especially  is  this 
the  case  in  the  treatment  of  the  so-called  mixed  sulphide  ores.  The  chief 
ore  of  zinc,  blende,  is  also  valuable  as  a  source  of  sulphuric  acid,  and  many 
works  recover  the  latter  as  a  by-product.  The  zinc  metallurgist  is  conse¬ 
quently  interested  in  tin*  subject  of  sulphuric  acid  manufacture.  Sulphuric 
acid  manufacture  is  in  itself,  however,  a  subject  which  in  technical  magni¬ 
tude  is  equal,  if  not  superior,  to  the  metallurgy  of  zinc,  and  in  a  treatise 
on  the  latter  it  would  be  obviously  inadvisable  to  go  extensively  into  the 
manufacture  of  the  former  ;  nor  would  such  a  digression  be  anything  but 
futile,  inasmuch  as  the  manufacture  of  sulphuric  acid  has  already  been 
treated  in  a  masterful  manner  by  experts  in  that  line.  On  the  other  hand, 
a  treatise  on  the  metallurgy  of  zinc  which  did  not  consider  the  question  of 
making  sulphuric  acid  from  the  gases  derived  from  blende  roasting  would 
be  seriously  deficient.  1  have  therefore  summarized  some  of  the  data  most 
useful  to  the  zinc  metallurgist,  without  making  too  great  a  digression  from 
the  main  subject. 

The  subject  of  fuel  and  its  combustion  has  been  treated  at  great  length 
because  of  its  surpassing  importance.  The  principles  of  the  combustion  of 
coal  are  important  in  many  branches  of  metallurgy,  but  in  zinc  smelting 
they  are  most  important.  There  is  no  other  of  the  chief  metals  of  com¬ 
merce  which  is  produced  at  the  expense  of  so  much  coal  per  pound  of  metal 
as  is  the  case  with  zinc.  The  consumption  of  coal  in  smelting  zinc  ore  is  so 
great  that  it  is  an  axiom  in  the  industry  that  the  ore  must  be  carried  to  the 
coal  rather  than  the  coal  to  the  ore.  Even  under  that  condition  the  cost  of 
the  coal  constitutes  with  labor  the  chief  items  in  the  expense  of  smelting; 
in  one  place  the  cost  of  coal  is  the  higher,  in  another  place  the  cost  of  labor. 
Hie  zinc  metallurgist  is  obliged  therefore  to  direct  his  attention  pointedly 
to  economy  in  the  consumption  of  coal. 

In  concluding  this  preface  1  have  pleasure  in  acknowledging  the  valuable 
assistance  that  has  been  rendered  me  by  many  friends.  Special  acknowl¬ 
edgment  is  due  to  Professor  H.  0.  Ifofman  and  F.  .1.  Falding,  Esq.,  who 
read  the  proofs  of  certain  chapters  and  made  many  valuable  suggestions; 
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also  to  Signor  Erminio  Ferraris,  of  the  Soeieta  da  Monteponi,  who  con¬ 
tributed  the  notes  on  the  calcination  of  calamine  in  Sardinia,  and  M.  Gaston 
St.  Paul  de  Singay,  of  the  Societe  Anonyme  de  la  Vieille  Montagne,  for 
drawings  of  furnaces  and  other  valuable  information ;  and  to  Mr.  Otto  Riss- 
mann,  of  the  Cherokee-Lanyon  Spelter  Co.,  Mr.  E.  C.  Moxham,  of  the 
Bertha  Mineral  Co.,  and  Mr.  E.  C.  Hegeler,  of  Lasalle,  Ill.,  besides  many 
others  who  have  afforded  me  access  to  their  works  and  information  as  to  their 
processes.  Indispensable  assistance  has  been  freely  given  by  many  manu¬ 
facturers  of  machinery,  who  have  courteously  furnished  drawings  and  con¬ 
tributed  much  valuable  data. 

Lynn,  Mass,,  March,  1903. 


Walter  Renton  Ingalls. 
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ZINC  AND  ITS  ORES. 

Zinc  as  a  metal  was  probably  known  to  the  ancients,  but  it  was  never  in 
common  use  by  them  and  such  knowledge  of  it  as  was  possessed  was  for  a 
long  time  lost  sight  of.  In  the  middle  ages  brass  was  made  by  the  cementa¬ 
tion  process  in  important  quantity,  and  mines  of  calamine  were  worked  for 
that  purpose,  but  no  one  appears  to  have  been  aware  that  a  distinct  metal 
existed  in  that  ore.  The  word  zinc  was  first  used  bv  Basil  Valentine,  but 
he  did  not  refer  to  it  especially  as  a  metal.  That  it  was  known  as  such  was 
first  mentioned  by  Paracelsus  (1493-1541).  In  1550  Agricola  recognized  a 
metal  accidentally  produced  in  the  furnaces  at  Goslar,  in  the  Lower  Harz, 
which  he  called  zink,  or  conterfev,  but  he  did  not  know  that  it  came  from 
calamine.  In  the  sixteenth  century  zinc  was  brought  to  Europe  from 
China  and  the  East  Indies  under  the  name  of  tutanego  and  a  specimen 
from  that  source  was  examined  by  Libavius  (1595),  who  was  the  first  to 
investigate  the  properties  of  the  metal  with  any  exactness,  but  tho  fact  that 
calamine  was  an  ore  of  zinc  was  not  known  until  the  next  century. 

In  1721  Henckel  published  his  discovery  that  zinc  could  be  obtained  from 
calamine  by  distillation  and  he  is  considered  to  be  the  first  who  intentionally 
carried  out  the  process  in  Europe.  The  production  of  zinc  on  an  industrial 
scale  was  first  undertaken,  however,  by  John  Champion,  who  erected  works 
at  Bristol,  England,  in  1740,  or  about  that  time.  The  process  consisted 
in  the  distillation  of  the  ore  in  large  pots,  a  pipe  extending  downward  from 
the  bottom,  and  this  became  known  later  as  the  English  process,  which  con¬ 
tinued  in  use  until  about  1860.  It  is  said  that  the  process  was  of  Chinese 
origin,  having  been  introduced  at  Bristol  by  Doctor  Isaac  Lawson,  who  went 
to  China  expressly  to  study  it*  Toward  the  end  of  tho  century  Johann 
Ruhborg,  of  Pless,  in  Silesia,  learned  the  art  of  zinc  smelting  in  England, 
and  in  1799  or  1800  he  constructed  a  zinc  furnace  at  Wessola,  utilizing  for 
this  purpose  the  pots  of  a  wood-fired  glass  furnace.  This  was  the  beginning 
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of  the  Silesian  zinc  smelting  industry.  In  1799  Bergrath  Dillinger  erected 
a  smeltery  at  Dollach,  in  Carinthia,  employing  small  vertical  pipes  for  the 
distillation,  a  method  (known  as  the  Carinthian)  which  did  not  long  survive. 
In  1805  the  Abbe  Daniel  Dony,  a  chemist  of  Biege,  Belgium,  discovered  in¬ 
dependently  the  method  of  zinc  smelting  and  from  bis  experiments  the 
Belgian  zinc  industry  developed.  Zinc  smelting  was  not  attempted  in  the 
United  States  until  1850. 

Properties  of  Zinc. — Zinc  is  a  bluish  white  metal  of  shining  luster, 
which  in  the  periodic  arrangement  of  the  elements  by  Mendeleef  is  classified 
in  the  group  with  beryllium,  magnesium,  calcium,  strontium,  cadmium, 
barium  and  mercury.  In  its  chemical  relation,  it  is  bivalent,  combining 
with  two  atoms  of  chlorine  and  one  atom  of  oxygen,  forming  a  chloride  and 
an  oxide  which  are  analogous  to  those  of  magnesium  and  cadmium.  The 
atomic  weight  of  zinc  is  (>5-4 ;  the  atomic  volume,  9-1. 

1  hysical.  The  specific  gravity  of  cast  zinc  when  poured  at  or  near  its 
melting  point  and  cooled  slowly  is  about  7T25.  It  is  a  trifle  higher  when 
cooled  quickly  and  a  trifle  lower  when  poured  at  red  heat.  By  rolling,  the 
specific  gra\it)  is  increased  to  7*2,  a  cubic  foot  of  rolled  zinc  weighing  about 
4o0  lb.  According  to  the  latest  investigations,  the  melting  point  of  zinc 
“  415  C  and  the  boiling  point  920°  C.  The  boiling  point  is  raised  1-5° 

.  or  each  centimeter  of  atmospheric  pressure  above  700  mm.  The  fluid 
toy  of  zinc  is  (i-48  to  6-55;  the  specific  gravity  of  zinc  vapor  is  2,30. 

liu  ”, ,‘if  iZ’  n  !“  m  volume  from  the  cold,  solid  state  to  the 

inTto  B  •  ntTr™  °°  and  10°°  C- t,le  sPcciflc  heat  of  zinc,  aceord- 

Z-  0  ™  "„ 0I,5615;  f'et  auth°rifcies  give  it  as  0-0927  fron,  0"  to 
and  0-1015  from  100  tn  ^nn°  n  nr  x  n- 

a  temperature  as  low  as  500  ’  C  “  '’UrnS  *  th°  *,r 

Zinc  crystallizes  in  rhombohedral  forms  of  .1  i  1 

according  to  the  isometric  system  n  1  ,  1  the  hejta80nal  system;  also 

nar  texture,  so.uetimel  XX'r  ‘ha  W  a  coarseiy 'ami- 

crystalline,  dependent  unon  IV. a  +  e  fracture  is  granular  or  coarsely 
the  metal  is  heated  nearly  to  redim^T?^  °f  CastinS’  bein£  coarse  when 
perature  of  the  liquid  metal  i<?  X..01(1  P0llring  and  fine  when  the  tern¬ 
ary  temperature  its  ^ting  point.  At  ordi- 

-d  150°  C.  it  ^  but  between  100° 

so  ductile  that  it  may  be  drawn  •  •  *  may  be  rolled  into  sheets,  and 

properties.  In  malleability  zino  r!^i°  T**6’  a^cr  coobng  it  retains  those 
between  copper  and  tin.  Tt  is  diffi  n  .  lcafl  and  ^on;  in  ductility 

omiU  a  crackling  sound  like  the  crTof  t°  k’  and  wben  hor»t  after  fusion 
2-5  according  to  Moh’s  scale.  '  ’  but  not  80  loud.  Its  hardness 
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rIhe  thermal  conductivity  of  zinc  is  28-1  (silver  being  100) ;  its  electrical 
conductivity  is  10-02  (mercury  at  0°  C.  being  unity).  The  co-efficient  of 
linear  expansion  is  0-0000201.  Its  tensile  strength  is  7000  to  8000  lb.  per 
square  inch  (Koberts- A usten). 

Chemical. — In  dry  air  zinc  retains  its  luster,  but  in  damp  it  becomes 
covered  with  a  thin  grayish-white  coat  of  a  basic  carbonate,  which  protects 
it  ironi  further  oxidation.  Zinc  is  electro-positive  to  all  other  common 
metals,  except  magnesium,  and  precipitates  all  the  ductile  metals  from  their 
solutions,  except  magnesium,  iron  and  nickel.  Impure  zinc  is  readily  dis¬ 
solved  by  nitric,  chlorhydric,  sulphuric  and  sulphurous  acids;  also  by  the 
caustic  alkalies.  Pure  zinc  is  almost  unaffected  by  acids,  except  nitric.  At 
high  temperatures  zinc  unites  with  oxygen,  chlorine,  bromine,  iodine  and 
sulphur.  It  is  oxidized  by  carbonic  acid,  by  lead  oxide,  and  by  the  car¬ 
bonates  of  the  alkali  metals. 

Impurities  Occurring  in  Zinc. — The  common  impurities  of  commercial 
zinc  aie  lead,  iron  and  cadmium.  Small  proportions  of  arsenic,  antimony, 
carbon  and  sulphur  also  occur.  Copper,  tin  and  silver  are  noted  in  some 
spelters,  and  rarely  minute  quantities  of  thallium,  indium,  gallium,  mag¬ 
nesium  and  aluminum  have  been  observed. 

Lead  is  found  in  most  makes  of  spelter,  often  to  the  extent  of  2  or  3%, 
but  by  refining  the  tenor  can  be  reduced  to  1  or  1-5%.  A  moderate  per¬ 
centage  of  lead  increases  the  ductility  and  malleability  of  zinc,  but  with  an 
increasing  proportion  the  metal  becomes  tender.  A  tenor  of  1-5%  Pb  will 
permit  zinc  to  be  rolled  without  cracking  the  sheets,  but  will  unfit  them 
for  many  purposes.  Lead  is  also  objectionable  in  spelter  to  be  used  for  the 
better  grades  of  brass,  but  a  moderate  percentage  does  not  unfit  it  for  use  in 
making  the  common  and  inferior  grades. 

lion  tends  1o  make  zinc  less  fluid,  less  malleable,  less  strong  and  harder 
and  more  brittle,  its  bad  effects  becoming  strongly  marked  when  the  per¬ 
centage  is  as  high  as  0-20.  Commonly  the  percentage  of  iron  in  commer¬ 
cial  zinc  is  0-01  to  0-05.  The  brass  trade  imposes  a  limit  of  0-05  °/0. 

Cadmium  seldom  occurs  in  spelter  in  more  than  minute  quantity  and  has 
no  deleterious  effect,  except  in  the  case  of  spelter  which  is  to  be  used  for 

making  zinc  white;  in  the  latter  case  the  product  is  likely  to  be  discolored 
by  cadmium  oxide. 

Copper  and  tin  make  zinc  harder  and  more  brittle.  Arsenic  makes  it 
brittle  and  difficult  to  melt.  Sulphur  and  carbon  do  not  appear  to  have 
am  injurious  effect,  at  least  not  in  the  small  proportions  that  commonlv 
occur.  The  black  flocks  which  remain  after  dissolving  commercial  zinc  in 
sulphuric  acid  consist  chiefly  of  lead  sulphate  and  carbon. 
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Zinc  Alloys— Zinc  alloys  with  aluminum,  antimony,  bismuth,  copper, 
gold,  iron,  lead,  magnesium,  mercury,  nickel,  silver,  sodium,  tin  and  some 
of  the  rare  metals.  Of  the  binary  alloys,  only  the  aluminum-zinc  and  cop¬ 
per-zinc  series  have  great  industrial  importance.  The  former  are  recent 
inventions ;  the  latter  constitute  the  various  brasses  and  yellow  metals. 

The  alloys  consisting  of  one  third  zinc  to  two  thirds  aluminum  and  one 
fourth  zinc  to  three  fourths  aluminum  are  remarkable  for  their  strength  and 
lightness,  and  are  the  more  valuable  because  of  the  clean  and  sharp  castings 
which  can  be  made  and  the  facility  with  which  the  metal  can  be  machined. 

Zinc  and  copper  unite  in  all  proportions,  but  only  the  alloys  with  upward 
of  50%  Cu.  are  of  industrial  importance.  The  ductility  and  malleability 
of  these  alloys  increase  with  the  percentage  of  copper,  and  the  best  kinds, 
such  as  red  brass,  gilding  metal,  and  percussion  cap  metal  are  made  to  con¬ 
tain  80  to  9G%  Cu.  Dutch  metal  contains  80  to  85%;  Prince’s  metal, 
<5%,  best  English  sheet  brass,  70  to  72%;  ordinary  brass,  G6-67%,  and 
Muntz  s  or  yellow  metal,  60%.  The  last,  although  somewhat  deficient  in 

ductility  and  toughness,  possesses  the  great  advantage  that  it  can  be  rolled 
either  hot  or  cold. 

Chemical  Compounds  of  Zmc.-The  chemical  combinations  ot  zinc 
ik  i  P  a>  an  important  part  in  the  ordinary  method  of  recovering  the 

siltlr  n"'M  the  sulPhates>  the  oxide,  the  carbonates,  and  the 
Z  ‘Tfr*  are  the  sull,hites>  *™te  and  alnminate. 

volatile,  but  according’ to  Percy  fvlttilhe  tTh'?*®  temperatures  non- 
be  roasted  in  an  atmosphere  of  sir  f  ,at  hlgh  temperatures.  It  can 

and  hydrogen  sulphide  Kspecttvelv^tuh’  g‘™?  °®  sulPhuI™s  anhydride 
and  in  air  there  is  q  tpn  l  /  ’  *  reaction  in  steam  is  incomplete 

can  be  brokX":;^^  f°™a«on  of  sulphates,  which 
strongly  heated  with  iron  or  V  <"icnt  increase  of  temperature.  When 

posed,  zinc  vapor  bl;TC!re’  ^  ^  *»  some  extent  deeom- 

the best  solvent.  ConcratmtwU  ^  dlSSolved  by  mineral  acids,  nitric  being 
phurous  anhydride  and  sulphur  0xicbzes  it  to  sulphate,  sul- 

vapor  or  water  attacks  zinc  sulnhidp  f  in  tbe  reaction.  Chlorine 

ure  zme  chloride  and  sulphur  monochl '  n  ^  at  moderately  high  tempera- 

"■«S,ri*s2  » • 

&E*  ,mlm,ro,'s  *Hs.  tho  mlof/  *’  ”  Zn0-  ^  kinds  exist  as 

“8  ZnS°*+7H=°’  *»ieh  loses^Tx  rncdeculcs  „1  f  ^  ***"  **« 

8  ot  lis  Water  at  100°  C.  and 
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the  last  one  at  200°  to  250°.  The  neutral  sulphate  is  very  soluble  in  water; 
the  basic  sulphates  are  insoluble,  or  but  slightly  soluble.  Neutral  zinc  sul¬ 
phate  is  decomposed  by  heat  into  oxide  and  sulphuric  and  sulphurous  anhy¬ 
drides;  generally  some  basic  sulphate  is  formed  in  the  process  and  further 
decomposed  by  continued  heating.  At  dull  red  heat  zinc  sulphate  is  re¬ 
duced  by  carbon  to  oxide;  at  white  heat,  to  sulphide. 

Sulphites. — Zinc  oxide  unites  with  sulphurous  acid  to  form  monosulphite, 
which  is  insoluble  in  water,  but  is  dissolved  as  bisulphite  by  an  excess  of 
sulphurous  acid.  Sidphurous  fumes  from  roasting  furnaces  have  been  neu¬ 
tralized  in  this  manner.  When  a  solution  of  zinc  bisulphite  is  boiled,  sul¬ 
phurous  anhydride  is  expelled  and  the  monosulphite  is  precipitated.  This 
salt  is  converted  to  oxide  by  a  gentle  calcination.  On  exposure  to  the  atmos¬ 
phere  it  changes  to  sulphate. 

Oxide. — Zinc  oxide  is  infusible  and  is  non-volatile  at  moderate  tempera¬ 
tures,  but  according  to  Stahlschmidt  it  is  notably  volatile  at  970°  C.,  about 
15%  more  so  at  1054°  C.,  and  rapidly  at  white  heat,  it  is  reduced  by  car¬ 
bon,  carbon  monoxide  and  hydrogen ;  the  reduction  by  carbon  begins  at  about 
1100°  C.  When  zinc  oxide  is  reduced  by  hydrogen,  steam  is  formed,  which 
may  under  certain  conditions  reoxidize  the  zinc  vapor.  Metallic  iron  is  said 
by  Percy  to  reduce  ZnO  at  high  temperatures. 

Zinc  oxide  is  soluble  in  all  the  common  mineral  acids,  and  in  many  of  the 
organic.  It  is  also  soluble  in  the  caustic  alkalies  and  in  ammonium  car¬ 
bonate.  Ferric  chloride  and  sulphate  dissolve  it  as  chloride  and  sulphate 
respectively,  ferric  hydroxide  being  precipitated.  Zinc  oxide  suspended  in 
water  is  attacked  by  chlorine  gas  passed  into  the  emulsion,  the  zinc  going 
into  solution  as  chloride  and  hypochlorite. 

Hydroxide. — This  compound  is  precipitated  from  solutions  of  zinc  by 
means  of  the  caustic  alkalies,  an  excess  of  those  reagents  beimj  avoided.  It 
is  also  thrown  down  by  milk  of  lime  and  milk  of  magnesia.  The  hy¬ 
droxide  is  easily  converted  to  oxide  by  calcination. 

Carbonates. — Zinc  forms  numerous  carbonates,  neutral  and  basic,  hydrous 
and  anhydrous.  The  neutral  carbonate,  ZnCOs,  occurs  in  nature  as  the 
mineral  smithsonite,  but  it  is  not  easily  prepared  artificially.  When  zinc  is 
precipitated  by  means  of  sodium  or  potassium  carbonate,  the  product  is 
commonly  a  basic  carbonate.  The  carbonates  of  zinc  are  readily  soluble 
in  acids  and  are  easily  dissociated  by  heating. 

Silicates. — Zinc  oxide  combines  with  silica  in  various  proportions,  form¬ 
ing  a  singulo-sil icate,  bisilicate,  etc.  They  are  difficultly  fusible,  the  more 
so  the  higher  their  tenor  in  silica.  According  to  Percy,  the  bisilicate  is 
infusible  at  the  most  intense  white  heat.  Zinc  silicate  is  reduced  by  carbon. 
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A  laminate. — Zinc  aluminate  (ZnO,Al2Os)  is  formed  when  alumina  and 
zinc  oxide  are  heated  together  at  high  temperature,  t  is  irupn  \  """cd 

in  the  walls  of  the  retorts  for  distillation,  which  are  thereby  colored  blue. 

Ferrate. — Zinc  ferrate  (ZnO.FcA)  is  formwl  "'llc'n  zlnc  oxlde  m  ,ll;at«1 
with  ferric  oxide  under  certain  conditions.  There  is  reason  to  believe  that 
it  is  produced  to  some  extent  in  roasting  ferruginous  blende. 

Chlorides. — The  neutral  chloride  of  zinc,  ZnCl2,  i*  a  white,  deliquescent 
substance,  which  is  very  soluble  in  water.  It  melts  at  262°  0.  and  boils  at 
about  710°  C.,  vaporizing  without  decomposition.  It  is,  however,  difficult 
to  boil  down  an  aqueous  solution  of  zinc  chloride  without  setting  free  elilor- 
hydric  acid  and  producing  some  basic  chloride.  Basic  chlorides  are  also 
formed  to  some  extent  when  a  solution  of  zinc  chloride  is  precipitated  with 


milk  of  lime  or  milk  of  magnesia. 

Ores  of  Zinc.— The  principal  ores  of  zinc  are  blende  and  calamine,  the 
latter  including  the  carbonates — smithsonite  and  hvdrozinkite — and  the 
silicates — willemite  and  hemimorphite.  In  the  United  States  the  New  .Jer¬ 
sey  deposits  of  franklinitc  (mangano-ferrate  of  zinc)  and  zinkite  (oxide  of 
zinc)  are  important,  but  those  minerals  do  not  occur  elsewhere  in  workable 
deposits.  Data  of  the  chief  zinc  minerals  are  summarized  as  follows : 


Mineral 

Hardness 

Spec.  Grav. 

Symbol 

Zinc  tenor 

Blende . 

Franklinite  . 

Hemimorphite . 

Hydrozinkite  .  .  . 

Smithsonite . 

Willemite  .... 
Zinkite . 

3-5  to  4  0 
5’5  to  6'5 

4  5  to  5-0 
2-0  to  2-5 
50 

5-5 

4  0  to  4-5 

3- 9  to  41 
51  to  5'2 
3*4  to  3  "5 

3  6  to  3-8 

4- 3  to  4-5 

3  9  to  4-2 

5- 4  to  57 

r  ZnS 

[(Fe,Zn,Mn)0,(Fe.Mn)203l 
lZnG.Si02+H.,0 
3Zn0,CC)2+2H"„0 
ZnCO.  ‘ 
2ZnO,Si02 

ZnO 

6775% 

21-00% 

537C% 

57- 10% 

5  !"00% 

58- 10% 
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rart!!“l8^“  Tr  Pure'  Besidcs  th«  siheious,  calcareous  ami 

crab'  like  t  L.,n'  '  "0° '  th°y  aru  a6sociat«1>  “nil  the  other  metallic  min- 

«; t  are  ^  nf  1’  "^te  and  **>*»»,  the  zinc  minerals  thrm- 

eially  iron"  Thus  T  ’'“'“if  m  X  chomlcall>'  combined  impurities,  espe- 

proportion  being  upwarfof  10%  ir°n  88  ”'™os«,l>hi'k'> 

blendes  are  cadmium-bearing,  although  lb  “  W  marmatitc-  Mallv 

exceeds  1%.  The  zinc  1  \  10  Pr,)portion  of  that  element  rarely 

which  they  are  mcchanicallv  a'  "  T  i'>  !'°I,arated  from  the  impurities  with 
more  or  less  extent,  an.l  slob' f  °'l  bya  suitahte  method  of  dressing  to  a 
to  the  smelting  prw“  always  a  preliminary 

ov5r>  ')0  separated  by  anv  mccln  '  coll^,'n°d  impurities  cannot,  how- 

mmeral  into  the  smelting  process.  Ctl  1>r°Cess  and  therefore  go  with  tin 
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CALCINATION  OF  CALAMINE. 

Calamine,  whether  it  be  carbonate  or  silicate  of  zinc,  should  be  calcined 
m  order  to  prepare  it  for  reduction  and  distillation,  for  the  purpose  of 
driving  off  the  carbonic  acid  and  water  in  the  case  of  the  carbonate  and 
the  water  in  the  case  of  the  silicate,  both  carbonic  acid  and  aqueous  vapor 
being  undesirable  in  the  retorts  on  account  of  their  oxidizing  action  on 
the  zinc  vapor.  Raw  smithsonite  might  be  charged  directly  into  the  retorts 
and  zinc  could  be  got  from  it,  but  aside  from  the  disadvantages  above 
mentioned  the  expulsion  of  the  carbonic  acid  in  the  retorts  would  be 
effected  in  an  objectionable  manner,  causing  loss  of  heat  and  otherwise 
interfering  with  the  process,  wherefore  it  is  best  to  subject  the  ore  to  a 
preliminary  calcination  in  a  special  furnace.  Zinc  silicate  can  be  reduced 
directly  by  carbon,  and  in  the  case  of  willemite,  the  anhydrous  silicate,  no 
preliminary  treatment  at  all  is  required.  The  hydrous  silicate  on  the  other 
hand  should  be  burned  sufficiently  to  eliminate  its  water  of  constitution, 
although  even  that  is  not  absolutely  necessary.  Thus  the  silicate  ore  of 
Missouri,  which  used  to  be  calcined,  is  now  charged  quite  raw  into  the 
retorts  without  there  being  any  apparent  difference  in  the  metallurgical 
results.  It  is  doubtful,  however,  if  this  conclusion  would  be  supported 
by  careful  metallurgical  tests. 

The  calcination  of  calamine,  having  been  given  up  in  the  West,  while 
the  New  Jersey  ore  being  anhydrous  does  not  require  it,  is  comparatively 
unimportant  in  the  metallurgy  of  zinc  in  the  United  States.  In  Europe, 
on  the  other  hand,  calamine  ores  are  generally  calcined  before  smelting' 
and  inasmuch  as  they  continue  to  be  abundant,  although  their  proportion 
in  the  total  supply  of  ore  is  diminishing  every  year,  the  process  of  calcina¬ 
tion  is  a  matter  of  some  interest.  It  is  performed  frequently  at  the  mines 
before  shipment  of  the  ore  in  order  to  reduce  the  weight  and  save  freight. 

Principle  and  Practice.— The  calcination  of  zinc  carbonate  is  in  principle 
and  practice  precisely  analogous  to  the  burning  of  limestone  to  lime,  i.e., 
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the  ore  must  be  heated  to  such  a  temperature  and  for  such  a  length  of  time 
as  is  necessary  to  drive  off  the  combined  carbonic  acid.  \\  ith  zinc  car¬ 
bonate  this  can  be  accomplished  at  a  low er  temperature  and  with  less 
expenditure  of  heat  than  is  required  in  the  case  of  calcium  carbonate. 
The  temperature  of  dissociation  of  various  metallic  carbonates  is  given  in 
the  following  table: 


Substances. 

Temperature.c 

ZnC03  =  ZnO  -f-  C02 
MgC03«Mg0  +  COa 
FeCO,  =  FeO  +  COa 
CaCU3  =  CaO  •+■  COa 

a  300°  C. 
b 650°  O. 
f)800°  C. 
b 812°  C. 

a  Watt  Dictionary  of  Chemistry,  who  states  that,  according  to  Rose,  ZnC03  slowly  evolves  C02  at  300*  C 
b  Le  Chatelier,  Thon.  Ind.  Ztg.  1886,  p.  429.  c  Temperature  at  atmospheric  pressure. 


Practically  the  calcination  of  zinc  carbonate  is  effected  at  a  moderately 
red  heat,  while  for  the  burning  of  limestone  a  bright  red  is  required. 

If  the  calcination  be  complete,  pure  smithsonite  loses  35-2%  in  weight; 
while  hvdrozinkite  loses  24-7%,  and  hemimorphite  only  7-5%.  The  re¬ 
duction  in  weight  which  can  be  effected  practically  depends,  of  course,  upon 
the  efficiency  of  the  calcination  and  the  character  of  the  ore.  If  the  ore 


has  a  quartzose  gangue  that  portion  of  it  will  suffer  no  loss  and  the  redu< 
tion  in  weight  will  be  lessened  according  to  the  proportion  in  which  i 
exists.  On  the  other  hand  if  limonite,  or  other  hydrous  minerals,  be  pres 
ent  they  will  lose  their  combined  water,  while  calcitc  and  dolomite  ma 
o..e  some  of  their  carbonic  dioxide  if  the  calcination  be  performed  at 
ig  temperature.  In  no  case,  however,  is  the  elimination  of  the  carboni 
(  y^v.0  *1°  V  t0  )e  comPh‘te,  not  even  with  a  high  grade  zinc  carbonab 
bonic  diovi  ^  In0S  CaS^'  <^ssoc’;dcd  carbonate,  and  the  percentage  of  cai 

2£ZtTT7g  aftcr  calcination  ma? a*  i5. 

carbonic  dioxid^^  W<?lght  which  is  effected  by  elimination  of  tli 

it  id  viL“ltL“':iVTbined  mtcr'  *  ^ 

process  of  calcination  Orr  i  r  h}groscoPlc  ^ater  incidentally  in  th 
be  very  wet  to  show  in <9  r tlellVered  from  the  mine  does  not  have  \ 

™tl.v  almost  (lry  is  likely  to  sh^TZch' #K 

mine  increases  with  the  did  ca  ammo  ore  before  shipment  from  tl 

t-fc  of  the  frefgM  ewt  V  *  fr0m 

contains  10%  hygroseotiio  mois('"'C '  f0,’°my  can  be  effected.  If  an  01 
further  reduced  25%  by  calein'r”  ^  **  ^er  '^rv'n-  the  weight  can  be  st i 

on>  a  ton  of  crude  ore  can  be  brougl 
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down  to  2000X0-90X0-75=1350  lb.,  a  saving  of  650  lb.=0-325  ton.  If 
the  freight  rate  were  $5  per  ton  and  the  cost  of  calcination  $0-50  there 
would  be  a  saving  of  (0-325X$5) -$0-50=$l-125  per  ton  of  crude  ore, 
besides  which  the  cost  of  calcination  would  be  partially,  if  not  wholly,  offset 
by  a  lower  smelting  charge. 

After  burning  a  carbonate  ore  the  zinc  oxide  resulting  has  the  property 
of  absorbing  carbonic  acid  from  the  atmosphere,  although  much  less  rapidly 
than  is  the  case  with  lime.  Owing  to  this  tendency  on  the  part  of  lime; 
calcareous  ores  especially  should  not  be  held  for  a  long  time  before  turning 
them  over  to  the  reduction  furnaces. 

In  the  calcination  of  zinc  silicate  ores  it  is  only  necessary  to  heat  them 
sufficiently  to  drive  off  the  hygroscopic  and  combined  water. 

The  calcination  of  either  variety  of  calamine  may  be  effected  in  shaft 
furnaces  or  reverberatory  furnaces,  the  former  being  especially  applicable 
to  coarse  ores-  and  the  latter  to  fines.  Any  variety  of  fuel  wood,  coal, 
petroleum  or  gas — may  be  used  with  either,  inasmuch  as  heat  only  is 
required,  the  fuel  having  no  other  function  than  to  produce  the  requisite 
temperature.  In  Upper  Silesia,  the  waste  heat  of  the  distillation  furnaces 
is  still  utilized  for  the  calcination  of  calamine  at  some  works,  but  the 
practice  is  no  longer  so  common  as  it  used  to  be,  partly  because  of  the 
more  general  adoption  of  Siemens  furnaces  and  partly  because  of  other 
considerations. 

Analogy  between  Calamine  Burning  and  Lime  Burning . — On  account  of 
the  analogy  between  calamine  burning  and  lime  burning  and  the  Uofc  that 
many  zinc  ores  contain  considerable  quantities  of  calcite  or  dolomite,  of 
which  the  carbonic  dioxide  has  to  be  eliminated,  it  is  advisable  to  consider 
in  this  connection  the  principles  of  lime  burning.  Calcium  carbonate  when 
heated  gives  up  its  carbonic  dioxide  only  in  the  presence  of  air;  without 
air,  even  when  heated  intensely,  it  simply  fuses,  its  chemical  composition 
remaining  unchanged;  with  proper  supply  of  air  the  normal  temperature 
for  successful  burning  is  about  850°  to  900°  C.,  and  the  operation  seems  to 
be  facilitated  by  the  presence  of  aqueous  vapor,  at  least  in  burning  lime¬ 
stone  in  lumps  as  is  generally  the  case,  for  which  it  is  sufficient  to  keep 
water  in  the  ash  pit  of  the  kiln,  if  it  he  one  of  the  grate-fired  type ;  other¬ 
wise  the  injection  of  sprays  of  water  or  steam  into  the  kiln  is  recom¬ 
mended.  It  is  stated  that  the  use  of  steam  has  been  found  to  he  similarly 
advantageous  in  the  calcination  of  zinc  carbonate. 

Calcination  in  Shaft  Furnaces. — The  calcination  of  calamine  in  shaft 
furnaces  has  the  advantages  of  proportionately  small  consumption  of  fuel, 
ability  to  handle  lump  or  run  of  mine  ore,  and  large  output  with  compara- 
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tivcly  little  labor.  The  proportion  of  fines  which  can  be  calcined  ranges 
up  to  20%  of  the  weight  of  the  lump  ore,  depending  upon  the  skill  of 
the  workmen  in  arranging  them  so  as  not  to  interfere  with  the  draught 
The  types  of  kilns  employed  are  the  same  as  are  used  in  lime  burning  hut 
gas  and  petroleum  firings,  which  are  now  employed  extensively  in  lime 
burning,  do  not  appear  to  have  yet  been  applied  in  the  calcination  of 
calamine. 

Types  of  Furnaces. — Shaft  furnaces  for  the  calcination  of  calamine  are 
designed  with  independent  fireplaces;  or  without  fireplaces,  the  ore  and 
fuel  being  then  charged  in  alternate  layers.  The  former  may  be  fired  with 
wood,  coal,  petroleum  or  gas;  the  latter  may  have  grates  or  no  grates,  the 


Fig.  1. 


Old  Form  of  Shaft  Furnace  Without  Grate, 
Used  at  Moresnet. 


The  dimensions  are  in  meters  4. 


thf  ™the  hearth;  furnaces  of  the  various  type 

The  simple  shaft  kilns  used'in^ S  cngravmgs,  which  are  self-explanatory 

8  ">.)  in  height  and  4  ft  4  ta.  to  10  to  2C’5  £t'  <3  f' 

oldest  kilns  are  contracted  at  bofl  +  (  ‘3  to  3  m.)  in  diameter.  Th< 

fdmpe  more  or  less  of  a  barrel  Ti°^  ^  bottom,  the  shaft  having  th< 
cylindrical  shaft  or  a  conical  form  °  1ni0re  mo^em  kilns  have  a  simph 
and  tlm  walls  sloping  inward  about  3V  fr*  dl.®mGter  being  at  the  botton 
(‘J  Mins  the  shaft  is  usually  boshed  in  t  ^  ^  vertieal*  In  external^ 
Advantages  and  Disadvantaar </  V  t  ard  the  b°ttom. 

1  „Vf "  and  ““'P'-lafon  of  VZZ?*  FiZd  desigt 

Un“ng  caIan,lna>  since  they  dotcmhwi118  ehlef . factors  in  t,1( 

no  the  quantity  of  fuel  re- 
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quired,  the  latter  depending  upon  whether  the  carbon  is  converted  by  com¬ 
bustion  into  monoxide  or  dioxide  (the  more  the  proportion  of  dioxide  the 
greater  the  development  of  heat)  and  the  extent  to  which  the  heat  so 
developed  is  utilized.  A  large  amount  of  heat  may  be  wasted  by  imperfect 
draught  or  bad  firing.  Kilns  without  fireplaces,  in  which  the  fuel  is 
charged  in  layers  alternating  with  layers  of  ore,  are  the  cheapest  to  con¬ 
struct  and  are  the  more  economical  of  fuel,  but  they  lead  to  a  slight  deteri¬ 
oration  of  the  grade  of  the  ore  through  commingling  of  the  ash,  and  may 
lead  to  loss  of  zinc  by  reduction  and  volatilization  if  the  temperature  is  f 


Peep  li 
shaft 
above 


Hexagonal  c.i.  pyramid 
with  slatted  sides  for 
outlet  of  air. 


Figs.  2  and  3. 

Shaft  Furnace  Formerly 
Used  in  Kansas  for  the 
Calcination  of  Calamine. 

Fig.  2.  Vertical  section.  Fig.  3.  Plan. 


carelessly  permitted  to  rise  too  high.  Kilns  heated  from  external  fireplaces 
are  free  from  the  above  disadvantages,  but  they  require  a  larger  proportion 
of  fuel. 

Method  of  Charging. — In  charging  a  kiln  of  either  type  it  is  best  to  have 
the  ore  in  pieces  of  nearly  uniform  size,  if  that  can  be  managed  without 
too  much  difficulty,  since  the  calcination  of  the  large  pieces  requires  a 
longer  time  than  the  small,  and  if  the  latter  are  mixed  in  they  have  to 
remain  in  the  kiln  for  some  time  after  they  arc  burnt,  occupying  useful 
space  and  consequently  reducing  the  output.  Tf  the  ore  can  be  divided 
cheaply  into  several  sizes  it  saves  time  and  fuel  to  burn  each  separate!}. 
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A  certain  proportion  of  fine  ore  may  be  mixed  in  with  each  charge  to  fin 
the  interstices  between  the  lumps,  but  just  as  in  charging  a  pyrites  kiln 
great  care  is  needed  in  the  arrangement  of  such  material  in  order  not  to 
check  the  draught.  The  more  part  of  it  should  be  placed  around  the 
periphery  of  the  shaft  where  the  draught  is  strongest. 

When  the  kiln  is  to  be  charged  with  ore  and  coal  alternately  the  ore 
should  be  put  in  layers  of  6  to  8  in.  with  the  proportional  weight  of  coal 
(3  to  10%)  intervening.  In  order  to  insure  complete  combustion  care 
should  be  taken  to  distribute  the  fuel  uniformly  and  the  individual  charges 
should  not  be  too  large.  Too  large  and  unevenly  distributed  charges  are 
likely  moreover  to  lead  to  imperfect  burning  of  the  ore.  The  drawing  of 
the  ore  at  the  proper  time  is  of  great  importance  in  such  a  kiln,  since  if  it 


*Tg.  4.  Old  Form  of  Shaft  Fttrva^t 

The  furnace  ehown  in  this  engravbg  ^  ^ ^  UsED  ™  ^ARD! 

,  m  the  ground  to  the  charge  flooi 

be  drawn  too  slowly  the  firo  • 

zone,  while  if  it  be  drawn  too  ra^idlv  nT  am\the  klln  cools  in  its  l( 
anty  in  charging  and  discharging  i  /  01 6  1S  imPerfectly  burned.  It 
operation  of  a  kiln.  g  &  18  of  ^  importance  in  the  succes 

Po  start  the  kiln  it  is  fill  a  • 

coaUsfh}er0f  shavings  and  wood  is^m  t0iab°Ut  tw°  tkirds  of  its  hei 

hCn  add0d  upon  Qd  (ab°Ut  3  ft) 

SI  trg 1 3  y°r  1 orc  “  p'-ea.  tn,„ 

soon  as  flin  ^  i* 11 1  eoal  and  ore  is  cont:  on  a')0Te  the  ore,  and  the  al 

"oal  pri8hWsnea^ho  top  the  ^  thc  kil“  -  £“11. 

To  intern,!, X’8  *°  «•«  reCTlatiorT  c°mniCT1<'ed.  and  the  amo 

"Pt  t]K  proceas™^7  f™°  a,s°  *  20> 

°  11  has  iwn  started,  the  d 
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openings  are  sealed  and  the  top  of  the  kiln  is  covered  with  fines.  In  doing 
this  the  draw  openings  should  first  be  closed,  before  covering  the  top. 

Design  of  Externally  Fired  Kilns. — In  externally  fired  kilns  no  fuel  is 
interposed  with  the  ore  and  the  heat  required  for  the  calcination  is  obtained 
I  rom  one  or  more  outside  fireplaces.  A  single  fireplace  is  suitable  only  for 
small  kilns,  of  which  the  shaft  is  contracted  narrowly  at  the  bottom  as  in 
Fig.  5.  ith  larger  kilns,  especially  when  the  area  at  the  fire  line  is 
comparatively  large,  two  or  three  fireplaces,  disposed  equidistantly  around 


Fig.  5.  Shaft  Furnace  with  One  Fireplace,  Used  in  Spain. 

Dimensions  in  meters. 

the  circumference,  are  advisable.  It  is  also  desirable  to  design  this  type  of 
kiln  with  closed  ash  pits,  arranging  for  introduction  of  the  air  under  the 
grates  through  a  canal  in  the  masonry  of  the  furnace,  by  the  hot  walls  of 
which  it  will  bo  preheated.  A  chimney  at  the  top  of  the  shaft,  provided 
with  a  damper,  gives  better  control  of  the  draught. 

Petroleum  and  Gas  Fired  Kilns. — I  am  unaware  that  calamine  is  burned 
anywhere  in  petroleum  or  gas  fired  kilns,  although  their  applicability  to 
that  purpose  is  obvious,  inasmuch  as  they  are  employed  for  lime-burning. 
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In  shaft  furnaces  for  burning  lime,  which  are  heated  bv  the  co 
of  petroleum,  the  fireplaces  arc  replaced  by  four  injectors  00°  a  art 
The  advantage  of  gas  firing  for  lime-burning  kilns,  as  in  other  ft 
lies  chiefly  in  the  greater  economy  that  may  bo  realized  in  fUl.j  i01801' 
of  its  more  complete  combustion  to  carbon  dioxide.  It  is  s0  ^ 
claimed  that  gas  fired  kilns  are  less  advantageous  than  petroled  in 
since  if  the  gas  is  introduced  horizontally  the  flame  does  not 


Fire  Brick 
Red  Brick 


rir‘S-GT0  8-  Sketch  for  Sitaf 


aft  Furnace  with  Two  Firi.i  laces. 


far  enough  toward  the  center  e 

made  of  smaller  diameter  and  e  1  "  8  consequently  lias 

objection  would  apply  to  a  dir ,  ™*P0“di^gly  lcss  capacity,  but  the 
° "\  ioiisly  could  be  met  bv  introdn  *  ^  eternal  fireplace 

1  '»  Hoffmann  rh*  th°  *■"  at  ^^rvnli  around  Hr 

7'1*  ">'1  lime,  misM  eT'°^  lively  in  bnrnin, 

th«  K»»*%  to™  0  r  a  P  Usea  ad™ntaffeonslv  in  in, 
This  ki,„  can  l  Granted  such  an  esponrivr  i 

W'ilx  slack  coal  an, 1  of  all  kites  is  the 
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economical  of  fuel,  only  about  one  third  the  percentage  needed  by  an 
ordinary  lime  kiln  being  required.  This  saving  is  partly  offset,  however, 
by  the  more  labor  involved  in  the  management  of  the  ring  kiln. 

Cost  of  Calcination  in  IShaft  Furnaces. — In  burning  lime  in  a  shaft  fur¬ 
nace  about  12%  of  its  weight  of  carbon  is  required,  equivalent  approxi¬ 
mately  to  15%  coal  if  the  latter  contains  80%  combustible.  In  burning 
calamine  in  a  simple  furnace,  where  the  coal  is  charged  alternately  with  the 
ore  from  3  to  10%  of  coal  is  required,  varying  according  to  the  nature  of  the 
ore  and  its  admixtures;  with  externally  fired  kilns  from  G  to  10%  is  re¬ 
quired.  The  consumption  of  coal  depends  largely  of  course  upon  its  char¬ 
acter  and  calorific  power. 

In  Spain,  an  externally  fired  kiln  with  a  single  fireplace,  having  a  shaft 
13*5  ft.  high  from  the  charge  opening  to  the  roof  of  the  fireplace,  G  ft.  in  di¬ 
ameter  at  the  top  and  20  in.  at  the  bottom,  delivers  five  to  eight  metric  tons 
of  burned  ore  per  21  hours,  with  a  coal  consumption  of  8  to  9%  of  the 
weight  of  the  burned  ore,  the  latter  losing  20%  in  calcination.  A  furnace 
of  the  same  dimensions,  but  with  two  fireplaces  puts  through  12*5  tons  of 
crude  ore,  yielding  10  tons  of  product  with  a  consumption  of  0*875  ton 
of  coal  and  the  labor  of  six  men.  The  cost  of  calcination  per  ton  of  crude 
ore  is  consequently  that  of  0*07  ton  of  coal  and  the  wages  of  0-5  man-shift. 

The  cost  of  calcining  calamine  (smithsonite)  at  Laurium,  Greece,  per 
ton  of  product  is  as  follows:1  Fuel  (10%,  costing  18  fr.  per  metric  ton), 
1-80;  labor  (rate  of  wages  not  stated,  but  probably  about  3  fr.  per  day), 
1-10;  interest  and  amortization  of  cost  of  furnace,  0*20;  superintendence, 
0-70;  total,  3-80  fr.  The  ores  calcined  lose  from  25  to  40%  in  weight; 
assuming  25%,  1*33  ton  of  crude  ore  yields  one  ton  of  calcined,  or  one  ton 
of  crude  ore  yields  0*75  ton  of  calcined. 

Data  as  to  the  cost  of  calcining  calamine  in  shaft  furnaces  in  Sardinia 
are  given  in  a  subsequent  section  of  this  chapter. 

Reverberatory  Furnaces,  Hand  Raked. — Tn  the  more  modern  plants, 
shaft  furnaces  for  the  calcination  of  calamine  have  now  been  largely  dis¬ 
placed  bv  reverberatory  furnaces,  either  hand  raked  or  mechanically  raked, 
which  differ  in  size  and  some  few  details,  but  not  in  principle,  from  the  re¬ 
verberatory  furnaces  for  roasting  blende.  The  reverberatory  furnaces  con¬ 
sume  more  fuel  per  ton  of  ore  than  the  kilns  do,  and  if  hand  raked  more 
labor  is  also  required ;  but  they  are  especially  adapted  to  the  calcination  of 
fine  ore,  and  even  lump  ore  has  been  burned  in  them  at  some  places. 

Types  and  Dimensions  of  Furnaces. — The  calcination  of  calamine  differs 
from  the  roasting  of  blende  among  other  things  by  the  fact  that  no  heat- 

1  Fuchs  ot  de  Launay.  Traits  des  Cites  MinOraux,  II,  3S6. 
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evolving  reaction  takes  place,  but  on  the  contrary,  there  is  a  simple  de¬ 
composition  to  effect,  for  which  heat  must  be  supplied.  Experience  has 
shown  that  the  hearth  of  a  calamine  calcination  furnace  may  be  profitably 
extended  to  42  ft.  with  coal  firing,  and  to  48  ft.  with  gas  firing.  The  arch 
should  not  be  more  than  24  in.  above  the  hearth  at  the  fire  bridge  and 
that  distance  should  be  reduced  toward  the  flue,  either  by  elevation  of  the 
hearth  in  steps  or  on  an  incline,  the  floor  of  the  furnace  building  being 
made  to  rise  by  a  corresponding  slope  so  as  to  maintain  a  constant  elevation 
of  hearth  above  floor  of  3  ft.  The  width  of  the  hearth  is  limited,  as  in 
blende  roasting  furnaces,  only  by  the  ability  of  the  operatives  to  work  the 
charge,  i.e.,  to  16  ft.  for  a  furnace  with  doors  on  both  sides  and  to  half  that 
v  idtli  for  a  furnace  with  doors  on  only  one  side.  In  Europe  the  calamine 
burning  furnaces  are  usually  of  the  latter  type  and  the  width  of  hearth  is 
often  only  6  ft.,  which,  of  course,  materially  reduces  the  capacity.  The 
conditions  as  to  working  doors  and  other  details  of  construction  are  the 
same  in  reverberatories  for  burning  calamine  as  in  those  for  roasting  blende, 

and  with  respect  to  these  reference  should  be  made  to  the  chapter  descriptive 
ot  roasting  furnaces. 

Calamine  reverberatories  are  built  generally  with  one  or  two  horizontal 

learths,  and  sometimes  with  a  single  inclined  hearth.  Both  direct  and 
gas  firing  are  used. 


merW^T  mth  Distillation  Fnrnaces.-lt  was  for- 

tilhtion  fZT  P  n  “  t0,c0Imcct  a  calcining  hearth  with  a  dis- 
clmtoe  rt  thi  ,"g  ^  T*  °f  the  *>r  burning  the 

with  the’drauaht  efPthCt'?^8  )**“  g™crally  abandoned  as  interfering 

Milr  opemti  ne  *  o  "  f  f"rM“  **‘-bing  its 

seen  at  Lipine  in f  “gh,  f™aWS  ,thus  *™>Kcd  are  still  to  be 
in  that  Province.  Between °ne  bbe  largest  smelteries 

tlicro  is  placed  a  calcining  h^rth^Sm 'hlnf  ’ fumac.e  at  lll0s«  works 
height  from  hearth  to  roof.  Tn  9i  i  ”  '  1  g’  °'8  m-  Wlde>  *ith  0-7  m. 

are  burned,  the  operation  beino-"  ?  25  *°  3  me^r’c  tons  of  ore 

furnaces;  since  the  heat  is  also  ^  ^10  eye^s  of  the  distillation 

cost  of  calcination  in  this  case  is  inXnifiLint  ^  dlStillation  furnaces  the 

*'•”?  of  coal.  £  it^XfstS.r  84  h0UrS  *  oonsnmp- 

two  hearths,  ofwhic^rr^r  “*  ^f'n,ltTg  (Moresnet)  had 
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length  of  12-2  m.  (approximately  40  ft.).  The  lower  hearth  was  1*5  m. 
(5  ft.)  wide  at  the  bridge,  2*92  m.  (9  ft.  9  in.)  in  the  middle  and  146  m. 
(4  ft.  10  in.)  at  the  flue  communicating  with  the  upper  hearth.  The  grate 
was  0-6  X  T5  m. ;  it  was  0*5  m.  below  the  top  of  the  fire  bridge,  which  was 
0*35  m.  thick  and  0*25  m.  above  the  hearth.  The  arch  over  the  lower  hearth 
was  04  m.  above  the  latter.  The  flue  leading  from  the  lower  hearth  room 
to  the  upper  was  0-38XT46  m.,  and  that  leading  from  the  upper  hearth  to 
the  chimney  was  0-5  m.  wide.  This  furnace  calcined  8000  kg.  of  calamine 
per  24  hours,  which  quantity  was  fed  in  four  charges,  each  charge  remain¬ 
ing  six  hours  on  the  upper  hearth  and  six  hours  on  the  lower.  The  loss 
of  weight  in  calcination  was  27  to  30%. 

Mechanical  Keyerberatory  Furnaces. — Any  of  the  mechanically 
raked  reverberatory  furnaces  which  are  employed  for  blende  roasting  are 
undoubtedly  applicable  to  the  calcination  of  calamine,  but  since  this  work 
is  done  usually  at  the  mines  there  are  few  which  make  individually  so  large 
an  output  as  to  warrant  so  expensive  an  installation.  There  are,  however, 
several  works,  especially  in  Sardinia,  where  revolving  cylinders  are  in  use, 
the  Oxland  &  Hocking,  which  is  shown  in  Figs.  19  and  20,  being  the  com¬ 
mon  type.  Any  of  the  other  standard  cylinder  furnaces,  e.g.,  the  Bruck¬ 
ner,  would  doubtless  be  applicable  to  this  work.  The  Argali  four-cylinder 
furnace  would  appear  to  be  especially  well  designed  for  it. 

Calcination  of  Calamine  in  Sardinia. 

The  calcination  of  calamine  is  practised  in  Europe  to  much  greater 
extent  than  in  America.  The  ore  of  this  class  which  is  mined  in  Algeria, 
Greece,  Italy  and  Spain,  is  generally  calcined  at  the  mines  before  ship¬ 
ment.  The  most  important  producers  of  calamine  are  situated  on  the 
Italian  island  of  Sardinia,  and  the  methods  employed  by  them  for  the  cal¬ 
cination  of  calamine  are  typical  of  the  best  practice  in  Europe.  Signor 
Erminio  Ferraris,  director  of  the  mines  and  works  of  the  Societa  di  Mon- 
teponi  at  Monteponi,  Sardinia,  has  kindly  aided  me  in  the  preparation  of 
this  treatise  by  furnishing  a  description  of  the  methods  employed  in  Sar¬ 
dinia,  of  which  the  following  is  a  translation : 

Calcination  in  Small  Shaft  Furnaces  (Kilns). — At  the  small 
mines  and  in  provisional  installations  the  old  type  of  shaft  furnace,  from 
4  to  5  m.  in  height  and  2  m.  in  diameter  inside,  is  still  employed.  The 
shaft  of  these  furnaces  is  now  made  cylindrical  in  form,  but  some  very  old 
furnaces  are  still  to  be  found,  which  are  greater  in  diameter  in  the  middle 
than  at  the  top  and  bottom,  having  somewhat  the  shape  of  a  barrel,  as 
shown  by  the  dotted  lines  in  Fig.  9. 
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Those  furnaces  are  generally  constructed  of  sandi-done  and  Silurian 
schist,  which  withstand  sufficiently  well  the  heat  required  foi  the  calcina¬ 
tion  of  the  ore;  sometimes,  however,  the  shaft  is  lined  with  brick.  At  the 
bottom  the  furnace  has  generally  four  openings  of  conical  shape  for  dis¬ 
charging  the  burned  ore  and  a  brick  pyramid  in  the  center  of  the  hearth 
to  direct  the  calcined  ore  toward  the  openings.  The  latter  are  closed  by 
movable  doors  of  wood  on  the  leeward  side  and  also  on  the  windward  side 
if  the  wind  be  too  strong. 

The  calamine  is  charged  in  layers  of  0*1 5  to  0-20  m.  in  thickness,  care 
being  taken  to  cover  each  layer  with  fine  ore.  Upon  the  layer  of  ore  is 
thrown  a  thin  layer  of  fuel.  The  furnace  is  charged  thus  with  successive 


bio.  9.  Old  Form  of  Shaft  Furnace,  Used  at  Monteponi,  Sardinia. 


layers  up  to  the  top.  The  fuel  generally  employed  in  these  low  shaft  fur¬ 
naces  is  small  charcoal.  For  the  carbonates  of  zinc  the  quantity  of  char- 
a  required  is  fiom  7  to  10%  of  the  weight  of  the  ore,  varying  according 
to  the  quality  of  the  charcoal  and  the  moisture  in  the  ore;  for' silicate  ore 
from  4  to  G%  of  charcoal  is  used. 


The  calcined  ore  is  drawn  once  or  twice  in  24  hours,  the  proper  time 
1  7^  b^ng  m(llcatod  when  it  is  perceived  that  the  fire  has  risen 
w'tl  tl  °1  6  t0P ,°  t  le  charge  in  tlle  furnace.  If  much  fines  are  used 
onlv  laiwTif  Ca  amme’  the  calc™ati™  proceeds  more  slowly  than  when 
goLeTJ  T  ,  The  rat0  of  is  consequently 

mafTal  from?  W^ion  of  fines  in  the  charge,  and 

"  * tons  to  eight  tons  of  calcined  product  per  24  hours. 


CALCINATION  OF  CALAMINE. 


19 


The  calcination  is  generally  carried  to  the  point  where  an  assay  of  the 
product  by  heating  a  sample  in  a  clay  crucible  shows  a  further  loss  of 
weight  of  not  to  exceed  3%.  The  large  lumps  of  ore  are  broken  to  the 
size  of  the  list,  not  more.  At  the  small  mines  where  there  are  not  special 
furnaces  for  the  calcination  of  fines  and  slimes  below  15  mm.  size,  the  calci¬ 
nation  of  from  10  to  20%  of  fines  with  the  lump  ore  is  accomplished,  but 
much  ability  is  required  in  managing  the  furnace  to  prevent  the  fire  from 
being  extinguished.  It  is  always  necessary,  however,  to  spread  a  little  fine 
ore  on  each  layer  of  lump  ore  in  order  to  support  the  charcoal  and  prevent 
it  from  working  its  way  down  through  the  underlying  layers. 

Large  Shaft  Furnaces. — At  the  Monteponi,  Malfidano  and  some  other 
mines,  the  shaft  furnaces  are  installed  in  blocks,  which  are  so  arranged  that 
the  ore  can  be  drawn  from  two  sides.  The  arrangement  is  shown  diagram- 
matically  in  Fig.  10.  The  furnaces  at  Monteponi  have  shafts  of  0  m.  in 
height,  slightly  conical  in  shape,  tapering  toward  the  top  (the  walls  having 
an  inclination  of  3%  from  the  vertical).  This  interior  contour  has  been 
found  to  be  the  one  which  permits  the  charge  to  descend  most  uniformly. 


Fig.  10.  Arrangement  of  Shaft  Furnaces  in  a  Block. 

preserving  always  a  horizontal  surface,  and  the  furnaces  so  designed  have 
taken  the  place  of  the  old  type  with  the  belly  in  the  middle.  The  furnaces 
at  Monteponi  have  at  the  bottom  of  the  shaft  a  conical,  basket-like  grate  of 
round  iron  bars  supported  at  the  top  ami  bottom  by  rings  bent  from  flat 
iron  bars,  as  shown  in  Fig.  11.  The  horizontal  portion  of  the  grate  at 
the  bottom  consists  of  short  bars  inserted  between  those  of  the  basket.  The 
sule  bars  of  the  basket  are  from  Ifi  to  20  mm.  in  diameter;  the  loose,  hori¬ 
zontal  bars  are  from  30  to  40  mm.  In  order  to  draw  the  charge  the  hori¬ 
zontal  bars  are  turned,  causing  the  ore  to  drop  between  them  into  a  car 
standing  beneath  them,  unless  it  he  that  the  bars  are  placed  very  close  to¬ 
gether,  when  the  ore  is  dropped  by  drawing  out  some  of  the  bars.  At 
Malfidano  the  furnaces  have  at  the  bottom  of  the  shaft  a  horizontal  grate 
made  of  loose  round  iron  bars  which  rest  upon  cast  iron  bearing  bars,  as 
shown  in  Fig.  12. 

The  system  of  charging  these  lar^e  shaft  furnaces  is  the  same  as  with  the 
^onll  ones,  except  that  a  different  fuel  is  employed,  a  mineral  fuel,  such  as 
'-nile  sMck,  lean  coal,  coke  fines  and  anthracite,  being  used  preferably  in 
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the  large  furnaces.  Anthracite  gives  the  best  results  with  respect  to 
consumption  and  with  it  the  proportion  of  fuel  may  be  as  little  as  3%  for 
silicates  which  are  free  from  hygroscopic  moisture,  but  very  delicate  man¬ 
agement  of  the  furnace  is  required  to  accomplish  that  result.  The  fuel 
which  is  the  most  easily  employed  is  lignite  slack,  smaller  than  10  mm. 
and  greater  than  5  mm.  in  size.  To  start  a  furnace  on  a  new  campaign  a 
good  wood  fire  is  made  on  the  grate,  or  on  the  hearth  if  there  be  no  grate, 
and  the  combustion  being  well  under  way,  the  charging  is  begun  as  de¬ 
scribed  under  the  caption  of  “Calcination  in  Small  Shaft  Furnaces.”  If 
the  fire  be  permitted  to  go  out  in  a  furnace,  it  is  not  necessary  to  empty  it 
in  order  to  start  anew,  but  a  fresh  wood  fire  is  made  on  top  of  the  ore 
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Figs.  11  and  12.  Shaft  Furnacfs  with  n  „ . 

The  shaft  furnaces  of  this  type  used  in  Sardinia  are  8  m  *  TES* 

to  the  top;  1-7  m.  in  diameter  at  the  top  and  2  m.  at  thfbottom.  gr°Und 

£“Brs  rr;-  *  “  £ 

charged,  the  cost  of  the  fuel  bein <r  9nr  or  r,  ^°r  me^c  ton  °f  raw  ore 
small  charcoal,  15  fr.  ($3)  for  it  \  PCT  metric  ton  for 

cite.  The  men  emplo yed^n  th  on  f  *  (»>  for 

of  3  fr.  (60c.)  per  dav,  working  T2ToUr8  “  Carn  an  ^erage  wage 

Reverberatory  Furnaces _ Thp  l  l 

superimposed  horizontal  hearths,  each  7 n '  °r!)or®toTy  furnaces  had  two 
still  exist  in  Sardinia,  but  in  general  thev  bn  ^  ength'  Some  of  these 

tho,  have  been  abandoned,  being  too 
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costly  and  with  the  ordinary  direct  firing  unable  to  calcine  the  limestone 
which  accompanies  the  calamine.  This  type  of  furnace  has  been  displaced 

therefore  by  a  special  form  of  gas  fired  reverberatory  furnace  and  by  revolv- 
ing  cylinders. 

At  Montepom  a  gas  fired  reverberatory  furnace  of  peculiar  design  has 
been  in  use  since  1885. 1  At  the  time  it  was  built,  three  Oxland  furnaces 
were  being  erected  at  the  Bugerru  mine  in  Sardinia  and  there  was  con¬ 
siderable  discussion  among  Italian  metallurgists  as  to  the  relative  economy 
of  the  two  types.  The  experience  has  proved,  howuver,  that  the  Oxland 


furnaces  have  no  advantage  of  economy  in  operation,  while  the  repairs 
Squired  on  them  are  more  costly  and  inconvenient  than  on  the  Ferraris 
furnace. 

Ihe  Ferraris  furnace  has  a  steeply  inclined  hearth  a,  divided  into  two  sec¬ 
tions  by  a  central  longitudinal  wall.  At  the  upper  end  of  each  section 
there  is  a  cast  iron  charging  hopper  b  and  at  the  lower  end  a  discharge  open- 
]ug  c.  The  two  sections  of  the  hearth  have  a  common  fireplace  d  and  a  com- 
ln°n  chimney  p.  On  each  side  of  the  furnace  there  are  five  working  doors  f. 

The  fire  box,  or  gas  producer,  is  arranged  with  step  and  plane  grates 

1  ^ 

s  Oirnace  was  designed  by  Signor  Ferraris,  by  whose  name  it  is  commonly  known. 
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the  inner  wall  and  thereby  itself  having  been  heated,  it  passes  into  the  lower 
part"  of  the  calcination  chambers,  where  it  burns  the  gas  streaming  in 
from  the  generator. 

The  lower  part  of  the  calcination  chamber  a  is  made  large,  being  covered 
by  a  horizontal  arch,  in  order  that  the  ore  to  be  calcined  may  be  heated  by 
radiation  rather  than  by  contact.  The  chamber  is  then  contracted,  the 
roof  arch  being  inclined  parallel  with  the  hearth,  in  order  that  the  products 
of  combustion  may  give  up  more  of  their  heat  by  contact  with  the  calamine. 
At  the  upper  end  the  chamber  is  again  enlarged  around  the  charge  hopper 
b,  in  order  that  the  gases  before  reaching  the  chimney  may  heat  the  fresh 


Fig.  18. 


CiAs  Producer  of  Ferraris  Reverberatory  Furnace. 


Transverse  section  on  line  MN  of  Fig.  10. 


Dimensions  are  in  meters. 


ZtT^c™ Vh.  h?f<r;,  Th0  ChargC  h‘W»  "V  be  provided  with  a 
allowed  to  fill  the  upper  end  Cfy’ms,^n  of.the  ore>  or  the  latter  may  be 
the  cone  being  omitted,  whereby  the  f?  v “atlon  chamber  “P  to  the  hopper, 
ner  in  which  the  oro  4  1S  rc^a^  according  to  the  man- 

The  calcination  chamberT  dfvi^d  ^  /T"*  ^  ^  hearth* 
gas  production  may  not  be  interfered  i'l!°  SCcUons  111  order  that  the 
side  are  opened.  The  effect  of  tl, .  r  .  ^  T len  tlle  'vorking  doors  on  one 
doors  on  one  side  mav  lie  nn  e  (  lvisi0n  into  two  sections  is  that  all  the 
orator,  since  when  Zt  aid? “ 

more  strongly,  produces  a  stronger  draft  thQTehy’  the  other  Slde>  hcated 
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The  cost  of  installing  such  a  double  furnace  is  about  20.000  fr.  ($4,000), 
of  which  about  5000  fr.  ($1000)  is  for  the  excavation  and  shed  and  15,000 
fr.  ($3000)  for  the  furnace  itself. 

A  double  furnace  of  the  dimensions  shown  in  the  accompanying  engrav¬ 
ings  will  produce  monthly  from  580  to  650  metric  tons  of  calcined  zinc  sili¬ 
cate  ore  with  a  coal  consumption  of  9-8  to  10%  of  the  weight  of  the  cal¬ 
cined  product.  This  coal  consumption  is  attained  with  the  use  of  lignite 
having  a  heat  value  of  4800  calories  per  kilogram  of  combustible  (hygro¬ 
scopic  water  and  ash  being  deducted).1  The  figures  of  coal  consumption 
above  given  represent  the  difference  between  the  weight  of  the  fresh  lignite 
used  and  the  cinder  or  coke  which  is  drawn  from  the  generator  and  is  em¬ 
ployed  subsequently  in  the  calcination  of  calamine  in  shaft  furnaces.  The 
quantity  of  fresh  lignite  charged  into  the  generator  is  about  double  the 
percentage  stated  above. 

The  calamine  which  is  calcined  contains  a  certain  proportion  of  blende, 
which  may  rise  as  high  as  10%,  together  with  a  small  tenor  of  galena.  The 
sulphur  of  those  minerals  is  almost  entirely  removed  during  the  calcination. 
The  size  of  the  ore  has  practically  no  influence  upon  the  result,  since  pieces 
of  calamine  free  from  sulphur  can  be  calcined  as  completely  when  of  the 
size  of  the  fist  as  can  the  fine  slimes  from  the  dressing  works. 

The  cost  of  calcination  per  1000  kg.  of  product  amounts  to  2-20  fr.  for 
labor  and  1-20  fr.  for  fuel,  the  latter  costing  12  fr.  per  metric  ton,  making 
the  total  3-40  fr.  per  metric  ton  of  product.  If,  however,  the  consumption 
of  fuel  is  reckoned  on  the  basis  of  the  quantity  which  is  introduced  into  the 
producer,  without  any  deduction  for  the  coke,  the  expense  for  fuel  is  2*40  fr. 
and  the  total  4*60  fr.  per  metric  ton  of  calcined  product.  If  the  calamine 
is  compact  zinc  carbonate  the  cost  of  calcination  is  greater,  since  it  is  im¬ 
possible  to  put  through  so  large  a  quantity  per  month  as  reported  above, 
those  figures  representing  the  results  with  calamine  in  which  zinc  silicate 
predominates,  without  admixture  of  limestone  or  dolomite.  Practically 
with  hard  zinc  carbonate  ore  it  is  necessary  to  reckon  on  a  consumption  of 
20%  of  fuel  and  an  expense  of  o(p  6  fr.  per  metric  ton  of  calcined  product. 

Revolving  Cylinder  Furnaces. — Revolving  cylinder  furnaces  of  the 
Oxland  type  are  employed  to  a  considerable  extent  in  Sardinia  for  the  cal¬ 
cination  of  ore  fines  up  to  30  mm.  in  size.  They  are  not  adapted  to  the 
calcination  of  calamine  between  15  and  30  mm.,  since  they  consume  more 
fuel  than  the  shaft  furnaces,  but  they  are  able  to  calcine  unsized  fines  up  to 
a  maximum  of  30  mm.  pieces,  which  can  be  handled  only  with  difficulty  in 
the  shaft  furnaces,  as  has  been  stated  previously. 

1  The  lignite  employed  in  Sardinia  contains  6%  sulphur,  10%  ash  and  6%  hygroscopic  water. 
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The  excellent  furnaces  which  are  installed  in  the  magnetic  ore  separa¬ 
tion  plant  at  Monteponi  and  are  illustrative  of  the  type  are  Moxwi  in  Figs. 
19  and  20.  The  ore  is  received  in  the  charging  hoppers,  a,  from  which  it 
is  conducted  into  the  cylinder  through  a  tube  200  mm.  in  diameter.  Each 
furnace  consists  of  a  cylindrical  wrought  iron  shell,  10  m.  in  length,  lined 
with  wedge-shape  tire  brick,  forming  a  cylindrical  calcination  chamber  1  nt. 
in  diameter.  The  shell  is  girdled  by  four  steel  hands  which  rest  upon  eight 
wheels.  It  is  turned  by  means  of  a  worm  gear  at  the  rate  of  1G  revolutions 
per  hour.  The  feed  of  the  ore  is  regulated  by  adjustment  of  the  tube  lead¬ 
ing  from  the  charge  hopper  into  the  cylinder,  by  varying  the  distance  be¬ 
tween  its  end  and  the  lining  of  the  cylinder.  In  general  the  ore  is  six  hours 
in  traveling  the  length  of  the  furnace.  The  calcined  ore  falls  between  the 


Fig.  19.  Elevation  of  Oxlaxd-Hocking  Furnace. 


pcmiiwto'll  CVlm'U;r  “d  ,“,C  *" l,0X  illto  «  chamber,  where  it  i 

penmttal  to  cool  somewhat  before  being  removed. 

C°TtrUCti0n’  «  A-  brick  chambe 

eq.  m.  in  area,  and  an  unde^cTl!^  .if**  f™*0’  1'5X0'5m  =0'T 
ried  on  the  grate  so  that  tlie  n  i  * .  •  rf thick  bed  of  fuel  is  cut 

burned  gas  is  developed,  the  10n  Complete  and  only  partial! 

the  calcination  chamber  (cylinder/^  t/  ^  ^  lattcr  completed  ii 

enters  througli  two  openings  to  tlm  •  w  Q'r  noccssary  for  the  combustioi 
chamber  which  surrounds  the  arch  nf  «  a/  ^  tlle  tire  door  into  : 
>v  contact  with  the  arch  and  then/  °  **  ,)0X*  herein  it  is  heat.*, 
bndge  into  the  interior  of  the  ovl/l /^V two  plits  in  the  fir 

Cf’  hr°ducing  a  sharp  flame  with  th 
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unburned  gases  of  combustion  coming  over  from  the  fire  box.  The  fire 
bridge  is  built  in  tubular  form  of  wedge-shape  brick  and  projects  into  the 
cylinder,  whereby  the  edges  of  the  latter  are  protected  from  the  flame.  The 
air  which  is  drawn  in  through  the  crevice  between  the  fire  box  and  the 
cylinder  is  sufficient  to  cool  the  masonry  near  the  fire  bridge. 

Furnaces  of  the  above  type  are  employed  at  all  the  zinc  mines  of  Sar¬ 
dinia,  with  slight  differences  in  dimensions.  In  general  the  length  varies 
from  8  to  12  in.  and  the  exterior  diameter  from  1  to  1-3  m.  The  fire  is 


Fig.  20.  Plan  of  Oxland-IIocking  Furnace. 


everywhere  blown  by  means  of  a  Koerting  air  injector,  and  the  air  for 
secondary  combustion  is  preheated  around  the  walls  of  the  file  box,  thus 
constituting  a  species  of  semi-gas-firing.  Lignite  is  employed  as  iue  , 
which  gives  30%  of  gas,  and  on  the  grates,  blown  with  steam,  burns  almost 
completely,  a  result  which  is  not  attained  in  the  gas  producers  which  work 
h  natural  draft.  It  is  necessary  to  reckon  a  consumption  of  20%  of  lignite 
to  obtain  a  good  calcination  with  hard  ores.  There  are  two  Oxland  furnace 
in  Sardinia  which  are  heated  with  wood  and  give  good  results. 
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BLENDE  ROASTING. 

In  roasting  zinc  blende,  preliminary  to  distillation  of  the  zinc,  the  aim  is 
to  convert  the  sulphide  as  completely  as  possible  into  oxide,  since  every  part 
of  sulphur  remaining  in  the  roasted  ore  means  approximately  two  parts  of 
zinc  held  back  in  the  retort  residues  after  distillation.  The  accomplishment 
of  this  object  requires  tine  comminution  of  the  blende,  generally  not  to  ex¬ 
ceed  2  mm.  size  (i.e.,  about  0-08  in.,  or  such  as  will  pass  a  standard  six-mesh 
wire  cloth),  high  temperature,  and  slow  and  careful  roasting,  with  frequent 
stirring.  It  is  never  economical  to  effect  a  complete  elimination  of  the  sul¬ 
phur,  which  is  anyway  impossible  with  some  ores,  but  in  good  practice  the 
amount  in  combination  with  zinc,  iron  and  lead  is  reduced  to  1%  and  fre¬ 
quently  lower;  ores  containing  lime  and  magnesia  may  retain  much  more, 
owing  to  the  formation  of  calcium  and  magnesium  sulphates.  Calcium  sul¬ 
phate  is  formed  by  the  action  of  sulphurous  anhydride  on  calcium  oxide;  it 
is  not  decomposable  at  the  temperature  attained  in  the  roasting  furnace. 
Magnesium  sulphate  is  formed  in  an  analogous  manner,  but  it  is  a  less 
stable  compound  than  calcium  sulphate  and  is  partly  decomposed  in  the  last 
stage  of  the  roasting  process. 

Chemical  Reactions  in  Blende  Roasting.— The  reactions  which  take 
place  in  roasting  blende  have  been  described  in  detail  in  numerous  metal¬ 
lurgical  treatises,  especially  by  Plattner  in  Die  Metallurgischen  Rostprozesse 
(1856),  who  first  laid  down  the  principles,  and  for  a  full  discussion  of  the 
chemical  changes  which  are  involved  reference  should  be  made  to  that 
treatise  and  to  Balling's  Metallurgischen  Chemie  ( 1888) .  Expressed  briefly, 
the  zinc  sulphide  begins  to  be  oxidized,  or  begins  to  burn,  at  dull  red  heat; 
as  the  temperature  increases  to  bright  red  the  oxidation  proceeds  more  ener¬ 
getically,  with  the  formation  of  zinc  oxide  and  sulphurous  anhydride,  the 
ultimate  result  being  represented  by  the  equation : 

ZnS+80=Zn0-l-S02. 
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The  sulphurous  anhydride  escapes  partly  as  such,  but  through  contact 
with  the  glowing  particles  of  ore  and  the  hot  furnace  walls  it  partly  takes 
up  another  atom  of  oxygen  (by  contact  action  or  catalysis)  and  the  sul¬ 
phuric  anhydride  thus  formed  combines  with  zinc  oxide  as  neutral  zinc 
sulphate  (ZnSOJ.  At  cherry  red  heat  the  neutral  zinc  sulphate  is  decom¬ 
posed  into  basic  sulphates  (3Zn0,ZnS04,  or  analogous  comjiounds)  and  sul¬ 
phuric  anh)diide,  the  latter  being  in  turn  more  or  less  completely  broken 
up  into  sulphurous  anhydride  and  oxygen.  The  basic  zinc  sulphate  is  not 
decomposed  entirely  until  it  has  been  exposed  to  bright  red  heat  for  a  con¬ 
siderable  time,  wherein  there  is,  when  reverberatory  furnaces  are  employed, 
the  concomitant  danger  of  loss  of  zinc  by  volatilization,  probably  for  the 
most  part  through  reduction  of  zinc  oxide  by  carbon  monoxide  in  the  fire 
gases,  since  zinc  oxide  itself  is  not  dangerously  volatile  until  white  heat  is 
reached.1  The  high  temperature  required  for  the  decomposition  of  basic 
zinc  sulphate  involves  the  further  hazard  of  a  partial  sintering  of  the  charge 
when  lead,  iron  and  manganese  are  present,  and  a  loss  of  zinc  through  par¬ 
ticles  still  undesulphurized  becoming  enveloped  in  the  fusible  slag. 

In  roasting  as  a  preliminary  to  the  treatment  of  mixed  sulphide  ores,  it 
is  sometimes  considered  desirable  to  produce  the  maximum  possible  amount 
of  neutral  zinc  sulphate.  This  is  accomplished  by  roasting,  necessarily 
slowly,  at  a  very  low  temperature  (never  higher  than  dull  red).  The 
formation  of  the  sulphate  is  favored  by  the  presence  of  the  sulphides  of 
other  metals  than  zinc,  especially  by  the  sulphides  of  iron.2  This  results 
from  the  fact  that  the  monosulphide  of  iron  ( whether  occurring  as  such 
isomorphous  with  the  blende,  which  is  frequently  the  case,  or  as  pyrite 
or  marcasite,  which  lose  the  extra  atom  of  sulphur  at  a  comparatively  low 
temperature  and  become  monosulphide)  is  oxidized  more  quickly  than  the 
zinc  sulphide.  The  FeS  becomes  changed  to  FeS04  or  FeoSO(i ;  these  are 
decomposed,  liberating  SO;!,  which  attacks  ZnO  and  forms  ZnS04,  which 
can  exist  at  the  temperature  whereat  the  sulphates  of  iron  are  broken  up. 
Ilenct  the  presence  of  iron  in  the  ore  favors  the  formation  of  zinc  sulphate. 

There  is  ground  for  the  belief  that  the  formation  of  sulphuric  anhydride 
in  the  roasting  furnace  is  not  due  merely  to  the  oxidation  of  sulphurous 
anhydride,  but  on  the  contrary  that  it,  and  not  sulphurous  anhydride,  may 


According  to  Stahlschmidt  (Berg-  u. 
Iliittenm.  Ztg.,  1875,  p.  01))  zinc  oxide  is  ap¬ 
preciably  volatile  at  the  melting  point  of  sil¬ 
ver  (070°  O.) , about  15%  more  so  at  the  melt¬ 
ing  point  of  copper  (1054°  O.),  and  rapidly 
at  white  heat  (1150°  to  1200°  C.).  Roasted 
blende  is  not  volatile  at  970°  C.,  but  is  con¬ 
siderably  at  1054°. 


2  In  roasting  mixed  blende  and  galena, 
from  Broken  Hill,  N.  S.  W.,  Schnabel  suc¬ 
ceeded  in  converting  40%  of  the  zinc  into 
neutral  sulphate;  in  the  treatment  of  Al¬ 
gerian  ore  by  the  Parnell  process  at  Swan¬ 
sea,  in  1879  to  1883,  about  33%  of  the 
zinc  was  so  converted  regularly. 
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be  the  primary  product  of  the  oxidation  of  the  sulphur.  It  is  a  general 
rule  of  thermo-chemistry  that  when  two  or  more  compounds  arc  possible, 
that  one  will  be  formed  which  produces  the  greatest  heat  in  the  reaction; 
for  example,  carbon  and  oxygen  can  form  carbon  monoxide  or  carbon 
dioxide,  of  which  the  latter  is  the  usual  product  of  complete  combustion. 
Sulphur  and  oxygen  can  form  sulphurous  anhydride  and  sulphuric,  but  the 
former  is'  the  usual  product,  or  rather  the  usual  ultimate  product.  The 
reason  for  this  is  perhaps  that  the  heat  of  combination  of  sulphuric  anhy¬ 
dride  is  so  great  as  to  raise  the  temperature  beyond  the  point  where  that 
compound  is  stable,  wherefore  it  is  dissociated  into  sulphurous  anhydride 
and  oxygen.  Similarly  in  the  combustion  of  carbon,  when  the  temperature 
exceeds  a  certain  limit  carbon  monoxide  is  produced  instead  of  the  dioxide. 

Many  facts  point  to  the  probability  that  the  first  product  of  combustion  of 
sulphur  is  sulphuric  anhydride,  which  is  subsequently  broken  up.  It  is  well 
known  that  in  burning  pyrites  the  gas  contains  proportions  of  sulphuric  an¬ 
hydride  varying  from  2  to  20%  of  the  total  sulphur  oxides,  which  fact  has 
been  generally  explained  as  being  due  to  the  presence  in  the  furnace  of  ferric 
oxide  and  its  catalytic  action  on  the  gas,  but  the  undoubted  presence  of 
sulphuric  anhydride  in  the  gas  obtained  from  the  combustion  of  brimstone 
cannot  be  accounted  tor  in  that  way,  and  there  seems  to  be  a  probability 
that  if  means  Could  be  found  to  get  rid  of  the  excess  of  heat  of  combustion 
m  tlu*  furnace  itself,  the  direct  product  of  such  combustion  would  be  SO,.1 
That  idea  is  supported  by  the  fact  that  in  burning  pyrites  the  percental  of 
sulphuric  anhydride  in  the  gas  is  highest  when  the  burners  are  in  bad 
con  ltion  and  cool,  also  by  the  fact  that  in  roasting  blende  the  percentage 
o  zinc  sulphate  that  is  formed  is  greatest  when  the  temperature  is  lowest. 

radically  the  formation  of  zinc  sulphate  appears  to  be  increased  also  by 
roasting  in  a  mixed  atmosphere  of  air  and  steam.  The  proposal  to  desul- 

p  lunze  blende  by  roasting  in  an  atmosphere  of  steam  alone,  according  to 
the  reaction  5  ° 


ZnS+H20==ZnO-fH2S 


pcrah,“Ut  PraCt'Cal  Va,Ue’ ,X,CaUSe  °f  itS  incomPkta>ess  even  at  a  high  tern- 

Decomposition  of  Zinc  SulPhato.-7Anc  snlphate  is  dissociated  by  boat 

°  Z.T  0X1(1°’  S“  phuriC  an,'.Vl,ri'fe  sulphurous  anhydride  and  ovywi  but 
complete  decomposition  is  effected  onlv\f  .  i  •  i  /  oxygen. 

cifically  at  a  bright  red  heat  When  tb  V  f1  tyni^rature,  more  spe- 

red,  neutral  sine  sulphate,  ZnSO  ,  is  s  >1™^  *"7  '"."T*1  °”'V  *°  '’"'"I 
lr  ,  r  ...  ^  11 P  into  basic  zinc  sulphates  and 

F.  J.  Folding  on  The  V.a  r  fa  t  re  of  S  lph-  rb  A.  i,l  in  T.  , 

A<  id  m  The  Mineral  Industry  VIII.  589. 
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sulphuric  and  sulphurous  anhydrides  and  oxygen.  There  is  no  record  in 
chemical  or  metallurgical  literature,  so  far  as  1  have  been  able  to  discover, 
as  to  which  of  the  several  basic  sulphates  of  zinc  are  produced  during  that 
process,  except  a  remark  in  Plattner  s  Rosiprozesse  that  it  is  the  tetrabasic 
sulphate  (ZnS04,3Zn0)  which  is  formed.1  It  is  not  unlikely,  however,  that 
other  basic  sulphates  are  produced  in  the  course  of  the  process.  The  basic 
sulphates  of  zinc  are  not  in  any  case  completely  decomposed  until  the  high 
temperature  mentioned  above  is  attained. 

The  formation  of  oxygen  and  sulphurous  anhydride  in  decomposing  zinc 
sulphate  is  due  to  the  temperature  at  which  the  process  is  performed.  If  the 
decomposition  could  he  effected  at  a  low  temperature,  the  gas  evolved  would 
be  pure  sulphuric  anhydride,  but  that  gas  being  unstable  at  high  tempera¬ 
tures  is  split  up  into  oxygen  and  sulphurous  anhydride.2  There  is  never¬ 
theless  a  considerable  proportion  of  the  sulphuric  anhydride,  probably  to  the 
most  extent  that  which  is  first  driven  off,  which  escapes  decomposition. 
Schlapp  found,  in  desulphurizing  zinc  vitriol  (dehydrated  as  completely  as 
possible)  on  a  large  scale  at  Broken  Hill,  that  about  30%  of  the  sulphuric 
anhydride  escaped  as  such. 

The  proposal  to  facilitate  the  desulphurization  of  zinc  sulphate  by  roast¬ 
ing  with  an  admixture  of  carbon,  taking  advantage  of  the  reaction 


ZnS04-fC=Zn0+S02+C0, 

has  not  yet  proved  to  be  of  any  practical  importance,  although  the  decom¬ 
position  in  that  manner  takes  place  at  a  lower  temperature  than  the  simple 
dissociation  of  zinc  sulphate.  The  reduction  of  zinc  sulphate  to  oxide  by 
means  of  carbon  takes  place,  indeed,  only  at  a  comparatively  low  tempera¬ 
ture.  At  high  temperatures  zinc  sulphate  is  reduced  by  carbon  to  sulphide, 
which  is  what  happens  when  zinc  sulphate  is  present  in  the  charge  under¬ 
going  distillation  in  the  retort. 

Effect  of  Impurities  in  Blende  Boasting. — Tt  will  be  observed  from 
the  foregoing  that  although  the  chemical  behavior  of  zinc  sulphide  when 
heated  in  the  presence  of  oxygon  (air)  is  understood  in  so  far  as  the  prac¬ 
tical  results  arc  concerned,  there  is  not  even  vet  a  tliorougn  knowledge  of 
the  purely  chemical  reactions  which  take  place  in  an  apparently  so  simple 
process;  on  the  contrary,  many  deductions  have  been  drawn  from  incom- 


1  Die  Metallurgischen  Rostprozesse.  p.  142. 

2  The  matter  of  temperature  has  been 
found  to  play  a  very  important  part  in  the 
contact  process  of  sulphuric  acid  manufac- 
tnre.  Prom  380°  to  430°  (\  nearly  all  of 
the  sulphur  dioxide  is  converted  to  trioxide; 
above  430°  the  action  diminishes,  and  at 


700°  to  750°  the  transformation  is  only 
about  60%.  At  000°  to  1000°  C.  action  be¬ 
tween  sulphur  dioxide  and  oxygen  can  no 
longer  he  detected.  (R.  Knietsch,  Rerichte 
der  deutschen  Chem.  (resell.,  1001,  XXXIV, 
xvii,  4060  to  4115). 
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plete  experimental  data,  in  this  as  in  other  pyrometallurgical  processes,  and 
further  experiments  are  needed  with  the  employment  ol  modern  pyrometri- 
cal  facilities  and  riiethods. 

Thus  it  is  to  be  pointed  out  that  all  blendes  do  not  behave  the  same  in 
roasting,  some  varieties  being  desulphurized  more  easily  than  others. 
Jensch,  an  experienced  German  metallurgist  (lately  deceased),  remarked 
that  blendes  from  the  older  geological  formations  of  Scandinavia  gave  up 
their  sulphur’  less  readily  than  those  from  the  later  formations  of  Styria 
(Austria).1  No  scientific  reason  can  be  assigned  why  that  should  be  so. 
Dark  colored  blende,  high  in  iron,  is  more  difficult  to  roast  than  are  the 
light  colored  varieties.2  Jensch  found  that  the  sulphur  remaining  in  a  fer¬ 
ruginous  blende  after  roasting  was  present  as  iron  sulphide,  not  zinc  sul¬ 
phide,  which  is  surprising,  since  iron  sulphide  is  more  easily  oxidized  than 
zinc  sulphide,  while  ferrous  sulphate  is  dissociated  at  about  590°  C. 

Prost,  on  the  other  hand,  has  shown3  that  both  iron  and  zinc  sulphides 
are  almost  completely  converted  to  oxides,  while  lead  sulphide  becomes  lead 
sulphate  and  silicate,  and  calcium  and  magnesium  form  sulphates.  This 
is  the  result  one  would  expect  in  the  light  of  our  present  knowledge,  since 
the  decomposition  of  lead  sulphate,  it  is  agreed,  requires  a  higher  tempera¬ 
ture  than  zinc  sulphate,  a  white  heat  liberating  sulphuric  anhydride  only  to 
a  small  extent  and  a  stronger  acid,  such  as  silica,  being  needed  to  expel  it 

fcTo n  1  6-l  r?m  ^K'  C0m'Jina^0n-4  In  a  sample  of  roasted  ore  containing 

f' 8,  "  ZmC’  °nly  °‘2°  imit  was  Prescnt  as  sulphate,  while  out  of  a 
total  of  5-60  units  of  lead  5-02  were  in  that  form. 

bmaHnt  Zt  that  there  is  evWonce  that  Zn0  enters  into  com- 

ferrate  '  l  +  I3*-  ormin£>  z*nc  ferrate,  ZnFe204.  The  formation  of  zinc 

phuric  acMrteI!P!ainiWhy  “  kaChing  ”  roasted  ore  with  sul- 

tte  case  n  nn™  “  ^  iS  “  incompletc>  as  has  been  found  to  to 

phidTore  in  Zr°”S  pr0CGS^a  -proposed  for  the  treatment  of  mixed  sul- 

— a.  sans-  -  *  —  - 
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u.  nuttenm.  Z tg..  1804.  200-  /t« 
f.  angew.  Chem.,  1894.  p.  50.  1 

-  Minor,  Berg-u.  IlUttenm.  Ztg..  1889.  p.  460. 


de  1 ’Assoc.  Beige  ties  Chimlstes 
vi,  J4()  to  20.3. 

4  Hofnian.  Met.  of  Lead,  5th  Ed.,  p.  13 
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Calcite  and  Barite.  In  roasting  a  zinc  ore  which  contains  calcite,  the  lat¬ 
ter  is  converted  partly  into  lime  and  partly  into  calcium  sulphate,  where¬ 
fore  it  is  impossible  to  desulphurize  completely  a  calcareous  blende.  The 
presence  of  calcium  sulphate  in  the  roasted  ore  used  to  be  considered  ob¬ 
jectionable  in  the  distillation  process,  inasmuch  as  it  is  reduced  to  sulphide 
by  the  carbon  in  the  charge  and  calcium  sulphide  was  thought  to  react  with 
zinc,  forming  zinc  sulphide,  and  thereby  increasing  the  tenor  of  zinc  in 
the  ret 01 1  icsidue,  but  although  this  opinion  is  still  held  by  many  metal¬ 
lurgists  careful  experiments  (vide  Chapter  VI)  have  proved  it  to  be  in¬ 
correct.1  Barytes  remains  unaltered  in  the  roasting  furnace,  but  like  cal¬ 
cium  sulphate  in  the  distillation  furnace  it  is  reduced  to  barium  sulphide, 
which  probably  has  an  equally  harmless  effect. 

Dolomite. — Dolomite  behaves  in  roasting  somewhat  like  calcite,  but  it  is 
more  objectionable  in  zinc  ore,  since  magnesium  sulphate  is  probably  to  some 
extent  reduced  by  carbon  in  the  retort  to  magnesia  and  sulphurous  anhy¬ 
dride  and  favors  the  production  of  zinc  sulphide.2  Fortunately  magnesium 
sulphate,  unlike  calcium  and  barium  sulphates,  is  decomposed  to  a  consid¬ 
erable  extent  in  the  roasting  furnace. 

Galena. — The  presence  of  galena  in  zinc  ore  which  is  low  in  silica  leads 
to  retention  of  sulphur  in  roasting  because  of  the  formation  of  lead  sulphate, 
which  can  he  decomposed  only  by  the  action  of  silica.  Even  if  there  be 
sufficient  silica  present  for  that  purpose  the  presence  of  lead  is  still  undesir- 


1  According  to  Thum  (Berg-  u.  Hiittenm. 
Ztg.,  1870,  p.  154)  calcium  sulphate  reacts 
with  zinc  in  the  presence  of  carbon  as  fol¬ 
lows  : 

2raS04+Zn+4C=CaoS+ZnS+4C02. 

In  Kerl’s  Grundriss  der  Metallhiittenkunde, 
P-  431,  the  following  reaction  is  expressed  to 
account  for  the  formation  of  zinc  sulphide 
in  the  presence  of  calcium  sulphide,  which 
is  produced  by  reduction  of  calcium  sulphate 
by  carbon  : 


CaS+ZnO=ZnS+CaO. 

According  to  Berthier,  however,  zinc  sul¬ 
phide  itself  is  reduced  by  lime  in  the  pres¬ 
ence  of  carbon,  calcium  sulphide  and  zinc 
being  formed.  (Tr.  des  Essais,  II,  570). 
The  completeness  of  the  reaction  is  stated 
as  being  dependent  upon  the  temperature ; 
hi  heating  6-32  g.  CaCO3+6-03  g.  ZnS  to  a 
Very  high  temperature,  five  sixths  of  the 
zinc  was  volatilized.  The  tendency  of  lime 
t°  decompose  zinc  sulphide  in  the  retort 
has  been  determined  by  Professor  Eugfcne 
,,(>st  in  a  series  of  careful  experiments, 
"ho  found  moreover  that  calcium  sulphate 
at  1200°  to  1250°  C,  exerted  no  retarding 


influence  on  the  reduction  of  zinc  oxide  even 
in  the  presence  of  lead  and  iron  silicates, 
which  might  convert  reduced  calcium  sul¬ 
phide  to  silicate  and  thus  facilitate  the 
formation  of  zinc  sulphide  (Bull,  de 
l’Assoe.  Beige  des  Chimistes,  X,  vi,  246 
to  203.)  Doctor  Orgler,  an  experienced 
Rhenish  zinc  smelter,  was  also  of  the  opin¬ 
ion  that  the  reaction 

ZnS+CaO=ZnO+CaS 

took  place  in  the  retort,  during  distillation 
(Wagner’s  Jahresberichte,  1890,  415).  Re¬ 
cently  Karl  Sander,  of  Prayon,  Belgium,  has 
contributed  further  experimental  data  upon 
this  subject  (Berg-  u.  Hiittenm.  Ztg.,  1902, 
LX  I,  465).  He  charged  10  retorts  with 
roasted  blende  from  Southern  France,  which 
contained  lead  and  9*2%  of  barytes.  He 
charged  10  more  retorts  with  a  roasted 
blende  which  was  free  from  barium.  The 
residua  from  the  former  assayed  2-08%  Zn ; 
those  from  the  latter  2-92%  Zn.  A  repetition 
of  the  experiment  gave  2*70%  and  3*54%  Zn 
respectively. 

2  Prost,  Bull,  de  PAssoc.  Beige  des 
Chimistes,  X,  vi,  246  to  263. 
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able,  since  the  fusible  silicate  of  lead  may  envelop  particles  of  blende  and 
prevent  their  desulphurization.  In  roasting  a  lead-bearing  ore  there  is  a 
considerable  loss  of  lead  by  volatilization,  which  may  amount  to  20%.  An 
experiment  with  an  ore  assaying  20%  Pb  and  36%  Zn  showed  a  loss  of 
0*5%  of  the  lead.  Experiments  by  lv.  Sander  in  roasting  ores  containing 
9-84%,  11-38%,  G-60%,  7-73%  and  6-00%  Pb  showed  losses  of  lead  of 
9-53%,  7-88%,  10-44%,  19-05%  and  21-80%  respectively. 

Mercury. — This  element  is  not  often  associated  with  zinc,  but  some  blende 
was  once  treated  at  Oberhausen,  Westphalia,  which  contained  0-02%  Hg. 
The  mercury  was  of  course  volatilized  in  roasting  the  blende;  it  was  con¬ 
densed  in  the  dust  chambers,  the  dust  collected  assaying  7%  Hg,  and  was 
recovered  therefrom.1  Sludge  collected  from  the  sulphuric  acid  chambers 
assayed  4%  Hg.  These  results  were  exceptional.  According  to  Mr.  Boss, 
director  of  the  works  at  Oberhausen  (Societe  Anonyme  de  la  Vieille  Mon- 
tagne),  the  flue  dust  ordinarily  contains  only  0-01  to  0-02%  Hg.2 

Fluorine. — According  to  Professor  Prost  fluorine  is  of  common  occur¬ 
rence  in  zinc  blende  ores.  Generally  it  exists  only  in  traces,  but  in  some 
varieties  it  amounts  to  several  per  cent.3  One  sample  showed  7%  F.  In 
roasting  such  ores  the  fluorine,  whatever  be  its  form  in  the  furnace  gases,  is 
in  all  probability  converted  into  fluorhydric  acid  when  it  comes  in  contact 
with  the  sulphuric  acid  in  the  Glover  tower  and  is  very  injurious  to  the  lead 
chambers.  The  harmful  effect  is  entirely  out  of  proportion  to  the  per¬ 
centage  of  fluorine,  since  even  small  traces,  besides  being  injurious  in  them- 
selves,  accelerate  the  corrosion  of  the  lead  by  sulphuric  acid  and  nitrogen 
compounds.  Ihe  corrosive  effect  of  gaseous  fluorhydric  acid  was  tested  in 
a  small  apparatus  in  which  the  reactions  of  the  lead  chambers  were  dupli¬ 
cated.  Before  admission  of  the  fluorhydric  acid  gas,  the  loss  of  lead  was 
7-825  g.  per  sq.  meter;  after  the  introduction  of  2-05  g.  of  HF  (a  very  small 
quantity  in  proportion  to  the  total  gases)  the  loss  increased  to  141-58  g.4 

In  a  subsequent  series  of  experiments.  Professor  Prost  found  that  in 
roasting  a  blende  containing  7%  F,  8-37%  SiO,  and  0-02%  Fe,  ground 
very  fine,  93%  of  the  fluorine  was  driven  off  at  red  heat.  A  sample  con- 
ainiiif,  %  ,  4-66%  Si02,  and  0-44%  Fe  showed  an  elimination  of  31% 

^  ^heJ;her  gToxmd  coarse  or  fine.  A  blende  containing 

<  o  »■  i  2  anc  •  %  Fe,  to  which  10%  of  fluorine  was  added,  ground  to 

ffrindinff  Ze,F°S  11  ^  n  ^1°  flllonne’  which  was  increased  to  90%  bv  fine 
g  g.  Finally  a  blende  containing  14-75%  SiO,  and  5-48%  Fe,  to 

1  Them.  Ztg.,  X.  1039.  " 

2  Rev.  Fnlverselle  des  Mines  is<u  vvv  ?,  ore  which  is  nn  Intimate  mixture  of 

47  et  seq.  ’  '  ’  XXV’  l,1<*nde  and  fluorspar. 

*  Near  Marlon,  Ky.,  there  are  veinc  r-,  * Bu,letin  de  l’Assoe.  Beige  des  Cltim- 

are  veins  of  Dec.  12, 1901 ;  Ohem.  Ztg..  1902,  XXVI.  1.12- 
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which  10%  of  fluorine  was  added,  lost  the  whole  of  the  fluorine  when  finely 
ground  and  roasted,  but  only  85)  %  when  coarsely  crushed.  There  appears 
to  be  some  l elation  between  the  percentage  of  silica,  fineness  of  subdivision 
and  proportion  of  fluorine  driven  off.  Professor  Frost  is  of  the  opinion 
that  at  least  a  portion  of  the  fluorine  is  liberated  as  free  fluorhydric  acid.1 

Argentiferous  Blende.— Many  varieties  of  blende  received  by  the  zinc 
smelter  are  argentiferous,  and  sometimes  the  silver  content  of  the  charge 
distilled  is  sufficient  to  make  it  worth  while  to  smelt  the  residuum,  either 
directly  or  after  a  preliminary  mechanical  concentration,  lead  being  of 
course  recovered  by  the  same  process.  In  the  roasting  of  an  argentiferous 
blende  there  is  almost  always  a  considerable  loss  of  silver.  The  extent  of 
this  was  recently  investigated  by*K.  Sander,  who  performed  his  experiments 
in  Maletra  and  Eiehhorn-Liebig  furnaces.2  The  ores  tested  were  of  the 
following  composition : 


Number. 

i 

% 

n 

% 

in 

% 

IV 

% 

V 

% 

Zinc . 

Sulphur . 

Lead . 

Iron . 

Lime . 

Magnesia . 

Baryta . 

Quartz . 

31*00 

22*20 

7*50 

4*25 

1*60 

0*65 

24*20 

2*75 

41*80 

27*40 

4*00 

3*00 

1*40 

0*80 

10*55 

10*20 

43*93 

24*95 

7  35 
5*20 
0*10 
0*15 

15*46 

47*50 

33*26 

2*15 

13*60 

1*20 

1*14 

42*60 

29*07 

8*75 

7*50 

0*12 

1*10 

loon 

The  results  of  the  roasting  were  as  follows : 


Number. 

1 

II 

III 

IV 

V 

Loss  % . 

10*50 

340*0 

335*0 

11*77 

10*05 

413*0 

4100 

10*68 

11*25 

230*0 

227*5 

12*15 

12*70 

324*5 

330  0 
11*22 

12*00 
375  0 
375*0 
12*00 

Ag.  g.  per  ton  a 
“  “  “  “  6 
Ag.  loss  %.  .  . . 

a  Before  roasting,  b  After  roasting. 


The  loss  of  silver  was  the  larger  the  higher  the  temperature  maintained. 

Pulverization  of  the  Ore  Preliminary  to  Roasting. — The  finer  the 
particles  of  ore  the  more  rapidly  can  they  be  roasted,  but  the  greater  the 
production  of  dust  during  the  raking  on  the  hearth  and  consequent  loss; 
and  perhaps  also  the  greater  the  loss  of  zinc  by  volatilization  if  the  roasting 
be  done  in  a  reverberatory  furnace.  Experience  has  shown  that  the  best 
8ize  to  which  to  reduce  the  ore  particles  is  1  to  2  mm.  Tt  is  seldom  advisable 

1  Bulletin  de  r  Assoc.  Beige  des  Chfm.,  X\  I,  it,  00  ti  t04, 

2  Zeits,  f.  nngew.  Chem.,  1002,  XV,  xv,  335. 
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to  reduce  the  ore  so  fine  as  1  mm.,  and  2  mm.  is  the  common  size.  Mr  Boss 
director  of  the  works  at  Oberhausen,  expressed  the  opinion  that  blend  * 
should  not  be  crushed  finer  than  2  mm.,  inasmuch  as  when  the  ore  is  ver- 
fine  the  charge  lying  on  the  hearth  is  not  sufficiently  permeable  to  permit 
the  free  escape  of  the  sulphurous  gas  and  access  of  oxygen.  He  considered 
that  blendes  which  decrepitate  are  the  easiest  to  roast,  it  being  unnecessary 
with  them  to  carry  the  crushing  so  far  as  in  other  cases.1 


Control  of  the  Degree  of  Desulphurization.— The  completeness  of 
the  desulphurization  of  blende  is  of  prime  importance  in  the  smeltino- 
process,  since  each  unit  of  sulphur  combined  with  zinc  in  the  roasted  ore 
''ill  11()1(1  hack  two  units  of  zinc  in  the  retort  when  the  ore  is  distilled.  It 
is  therefore  necessary  to  maintain  a  careful  watch  over  the  roasting  in 
order  to  insure  the  maximum  degree  of  desulphurization  that  is  economical. 
In  general,  a  tenor  of  sulphur  higher  than  1%  should  not  be  tolerated  in 
an  ore  which  does  not  contain  calcium  or  magnesium,  but  since  the  degree 
of  desulphurization  bears  a  direct  relation  to  the  time  and  labor  of  roasting, 
it  is  important  to  systematize  the  work  so  that  the  furnaces  will  lie  worked 
at  their  maximum  capacity  corresponding  to  the  desulphurization  that  is 
desired.  The  introduction  of  mechanical  furnaces  has  largely  eliminated 
the  personal  equation  in  so  far  as  output  is  concerned,  and  their  operation 
can  e  governed  satisfactorily  by  assay  of  their  product  for  the  sulphur 
on  ame  .  In  hand  raked  furnaces  it  has  been  found  a  satisfactory  system 
to  pay  the  men  according  to  the  quantity  of  product  delivered,  a  limit 

^  1C  ^e^10r  in  sulphur.  Sometimes  the  contract  price  is  made 
on  a  s  iding  scale,  increasing  as  the  tenor  in  sulphur  falls  below  the  limit 
and  decreasing  as  it  rises  above  it.  If  the  roasting  be  done  in  muffle  fur- 

fW  In  10n  °f  the  Sulphurous  8as>  it  is  necessarv  also  to  control 
the  strength  of  the  gas  in  sulphurous  anhydride. 

sulnhm’^ru*  f  1 0llgh  methods  for  judging  quickly  the  amount  of 

hot  ore  fro  *  7  r°aStC<1  ^  0ne is  to  sprinkle  a  little  of  the 

when  the  r»r  U1»naCe  °U  S°me  I)°tassinm  chlorate  in  an  iron  spoon, 

ar:re  rbred  si,iphidc  by 

roastino-  showirurTf  t  ft*  '  "i  ,Sma11  sParl;s  is  considered  a  sign  of  good 
1%  Ano  ],er  a-t  1  ?  Ph"r  33  sl,1Phide  has  b“n  reduced  to  about 

chTorhydrie  ac  d  tbo1St  r!  3  Sma11  C,Uantit-v  of  «re  in  a  test  tube  with 

which  will  be  evolved  will  diseolo  ****te-  The  sulphurated  hydrogen 

varying  according  to  the  percentage  of  °  ^a^>er’  (le£roe  discoloration 

~  sulphur.  A  rough  quantitative  tes 

’’"'rers.Ue  dea  M1bm.  XXV,  47  et  »«,. 
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may  be  made  by  comparing  the  color  produced  in  the  lead  paper  with  the 
color  produced  by  a  sample  of  known  sulphur  contents,  tested  at  the  same 
time  and  in  an  identical  manner.  Since  it  is  inconvenient  to  weigh  out  the 
samples  in  the  roasting  house,  the  quantity  of  each  taken  for  examination 
may  be  equalized  approximately  by  measuring  them  out  in  a  capsule  of 
suitable  size.  Of  course  neither  of  these  tests  indicates  the  presence  of 
sulphur  in  the  form  of  sulphates,  as  to  which  it  is  always  important  to  know. 
The  experienced  roaster  can  judge  closely  the  progress  of  the  operation 
towards  its  end  by  the  evolution  of  the  fumes  from  the  burning  ore  and 
their  cessation  when  the  oxidation  of  the  sulphur  is  completed.  He  will 
determine  the  character  of  the  product,  within  surprisingly  narrow  limits, 
by  examining  it  for  particles  of  undecomposed  blende,  or  “shines,*’  but  as 
in  the  case  of  the  rough  chemical  determinations  a  visual  examination  fails 
to  disclose  sulphur  remaining  in  the  form  of  sulphates. 

Supply  of  Air  in  Roasting  Blende. — A  furnace  employed  for  roasting 
zinc  blende  requires  air  for  two  purposes:  (1)  Combustion  of  the  carbon¬ 


aceous  fuel  used  for  heating  the  furnace;  and  (2)  oxidation  of  the  sulphur 
and  zinc  in  the  ore.  Air  is  therefore  an  essential  agent  in  carrying  out  the 
process,  but  frequently  there  is  little  attention  given  either  to  the  quantity 
or  manner  of  its  supply,  although  the  roasting  may  be  delayed  by  an  insuffi- 
cient  supply  and  the  consumption  of  fuel  is  increased  by  an  excess.  Gen¬ 
erally  the  admission  of  air  to  the  furnace  occurs  haphazardly,  rather  than 
under  scientific  control,  which  in  any  case  would  be  somewhat  difficult  with 
ordinary  reverberatory  furnaces.  In  practice,  roasting  1  urnaces  are  a  good 
deal  more  likely  to  be  run  with  an  excessive,  rather  than  with  a  deficient, 
supply  of  air. 

Reverberatory  Furnaces. — Tn  reverberatory  furnaces  the  products  of  com¬ 
bustion  draw  over  the  fire  bridge,  through  the  roasting  chamber,  and  escape 
by  a  flue  to  the  chimney.  These  gases  contain  a  variable  quantity  of  free 
oxygen,  which  has  passed  through  the  grate  and  bed  ol  burning  coal,  the 
combustion  of  coal  on  an  ordinary  grate  requiring  a  large  excess  of  air, 
and  has  thus  become  heated,  besides  a  further  quantity  of  ox\gen  from  air 
which  has  been  introduced  cold  through  the  working  doors,  or  slightl\ 
heated  through  ports  in  the  fire  bridge,  and  has  been  onlv  paitialU  con¬ 
sumed  by  the  ore.  With  an  ordinary  grate  firing  the  free  oxygen  in  the 
gases  from  the  fireplace  is  likely  to  be  greater  in  quantity  than  what  is 
required  by  even  a  rich  zinc  sulphide  ore,1  but  because  of  its  dilution  with 

lIt  Is  computed  in  an  example,  presented  kg.  of  a  certain  coal  uitli  100  ° n^nenm pd 

further  on  in  this  chapter,  that  1000  kg.  air  there  will  be  2362  cu.  m,  of  unconsumed 

r'f  ore  containing  30%  S  require  1401  cu.  air  passing  t  iroug  ie  irep  ace. 

m-  of  air,  while  in  the  combustion  of  300 
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nitrogen  and  carbonaceous  gases  its  chemical  action  is  weak  and  if  reliance 
were  placed  upon  it  alone,  although  the  theoretically  requisite  quantity  of 
oxygen  were  known  to  be  present  the  roasting  would  probably  proceed 
slowly  and  be  incomplete  in  its  result.  It  is  necessary  therefore  to  reinforce 
that  oxygen  by  a  fresh  supply  of  air.  The  more  nearly  the  volume  of  the 
latter  is  kept  down  to  the  minimum  requisite  to  produce  the  maximum 
chemical  activity,  i.e.,  combustion  of  the  ore,  and  the  more  it  be  preheated 
the  greater  will  be  the  economy  of  fuel. 

The  introduction  of  the  fresli  air  is  sometimes  effected  through  the  bridge 
wall,  which  is  built  hollow  with  ports  opening  into  the  roasting  chamber,  a 
system  which  has  been  found  very  efficient,  although  the  temperature  to 
which  the  air  admitted  in  that  manner  is  raised  is  of  course  very  low.  The 
effect  of  hot  air  in  roasting  is  discussed  further  on  in  this  chapter.  Besides 
such  air  as  is  introduced  through  the  bridge  wall  a  good  deal  is  admitted 
through  the  side  doors,  which  may  be  purposely  opened  and  if  merely  loose 
plates  of  iron  as  in  many  long  reverberatory  furnaces  always  leak  more  or 
less  anyway.  The  latter  is  probably  rather  advantageous  than  otherwise,  be¬ 
cause  it  causes  the  admission  of  the  air  to  be  gradual  along  the  length  of  the 
hearth,  furnishing  the  supply  where  it  is  required  directly  by  the  actively 
burning  ore  and  avoiding  the  cooling  effect  of  a  large  volume  of  cold  air 
sweeping  over  the  nearly  spent  ore  if  the  air  be  admitted  at  the  discharge 
end  of  the  furnace  alone.  In  most  reverberatory  furnaces,  whether  Fort- 
schaufelungsofen  or  shelf  burners,  the  excess  of  air  over  and  above  what 
there  is  in  the  gases  from  the  fireplace  is  introduced  only  through  the 
uor  'in^  doors.  When  the  latter  are  opened  for  the  purpose  of  raking  the 
ore  there  is  a  great  influx  of  cold  air,  referred  to  as  false  air,  which  chills 
tne  lurnace  and  dilutes  the  sulphurous  gas. 

Muffle  Furnaces.  In  roasting  zinc  blende  in  muffle  furnaces  the  products 
Of  combustion  from  the  fireplace  do  not  come  in  contact  with  the  ore.  and 
ic  oxygen  or  the  oxidation  of  the  latter  must  be  obtained  directly  from 

portion"0^  thC  r°aSt  rCaCti°n  *akeS  1,lace  accortlinS  t0  the  pro- 

ZnS+40=Zn0+S02+0, 

Iztuif32  PartR  °tf  SU,?!T  by  wci*ht  tllorc  m,lst  he  supplied  64  parts  bv 
Therefore  ;°X'S?  ,°  ft,rfy  t,,c  ^“'rements  of  the  sulphur  and  zinc. 

are  nfSed  2000  il  f  "  1000  °f  “ed  with  zinc  there 

■no  needed  2000  II,.  „f  oxygen,  or  2000+0-23=8,695-65  lb  of  air  In 

™«  rCVb;  i^r  ‘T  thSt  of  *  is  required,  or 

.  .,  "Inch  at  02  F.  is  equivalent  to  a  volume  of  17,391-30 
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X13,141=228,539  cu.  ft.;  i.c.,  1  lb.  of  sulphur  in  blende  requires  17*391 
lb.  of  air  or  228*5  cu.  ft.  at  62°  F. ;  wherefore  2000  lb.  of  ore  assay¬ 
ing  30%  S  if  roasted  to  1%  S,  liberating  580  lb.  of  sulphur,  requires 
10,087  lb.  of  air  =132,553  cu.  ft.  at  62°  F.  That  quantity  of  air  must 
be  drawn  into  the  roasting  chamber  by  the  draught  system  of  the  sulphuric 
acid  chambers,  or  it  must  be  forced  in  by  a  blower. 

Tenor  of  Sulphurous  Anhydride  in  the  Gas. — In  muffle  furnaces,  used  as 
an  adjunct  to  a  sulphuric  acid  plant,  it  is  necessary  to  control  closely  the  ad¬ 
mission  of  air  to  the  roasting  chambers,  not  only  to  avoid  the  cooling  effect 
of  an  excess  of  cold  air  (which  may  be  obviated  to  a  large  extent  by  pre¬ 
heating  the  air),  but  also  to  avoid  diluting  the  sulphurous  gas  below  4% 
S02  by  volume,  which  is  about  the  minimum  limit  for  successful  acid 
manufacture;  it  is  objective  to  produce  as  strong  a  gas  as  possible.  If  the 
roasting  reaction  take  place  according  to  the  proportion  cited  above,  which 
may  be  transposed  to 

2ZnS+4  vols.  (02)+4X  I9r  vols.  (N2) 

=2ZnO-l-2  vols.  S02+1  vol.  (02)-(-4X  it  vols.  (N2), 

the  theoretical  composition  of  the  roast  gas  by  volume  is  11*08%  S02,  5*54% 
oxygen  and  83*38%  nitrogen.1  If  twice  that  quantity  of  air  be  used,  as  is 
common  in  such  roasting,  the  proportion  will  be 

2ZnS+8  vols.  (02)+8X  if  vols.  (N2) 

=2ZnO+2  vols.  S02+5  vols.  (02)+8X  W  vols.  (N2), 

and  the  tenor  of  S02  in  the  roast  gas  will  be  5*39%  by  volume,  which  is 
approximately  what  is  obtained  ordinarily  in  practice,  although  some  well 
designed  and  carefully  managed  furnaces  afford  a  gas  with  as  high  as 
7%  S02,  and  even  more. 

It  is  frequently  stated  that  blende  is  inferior  to  pyrites  in  the  manufac¬ 
ture  of  sulphuric  acid,  because  its  gas  is  less  strong  in  sulphurous  anhydride. 
However,  although  pure  blende  contains  only  32*85%  S,.  against  53*33%  S 
in  pure  pyrite,  the  difference  in  the  S02  tenor  of  their  roast  gases  is  insig¬ 
nificant.  In  this  connection  H.  Hasenclever  presented  the  following  com¬ 
putation  of  the  strength  of  the  gas  that  can  be  obtained  from  sulphur, 
pyrites  and  brimstone.2  One  hundred  kilograms  of  sulphur  burned  to  sul- 

'  One  volume  of  sulphur  in  combining  of  oxygen  there  are  only  two  volumes  of 
with  two  volumes  of  oxygen  produces  only  sulphuric  anhydride  produced, 
cwo  volumes  of  sulphurous  anhydride;  3  Oliem.  Ind.,  1884,  pp.  7s  to  86,  ouin. 
Similai  y  in  combining  with  three  volumes  Soc.  Chern.  Ind.,  1884,  p.  030. 
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plmrous  acid  require  69-8  cu.  m.  of  oxygen,  and  yield  69-8  cu.  m.  of  sul¬ 
phurous  acid.  Mixed  with  the  oxygen  there  are  262-2  cu.  m.  of  nitrogen. 
To  convert  69-8  cu.  m.  of  SO,  into  S03  there  are  required  further  34-9 
cu.  m.  of  oxygen,  which  are  mixed  with  131-1  cu.  m.  of  nitrogen.  Inas¬ 
much  as  the  gases  should  contain  6 %  ol  free  oxygen  at  the  escape  lroni  the 
chambers,  it  is  necessary  to  introduce  143-8  cu.  m.  of  air  in  excess.  The 
gases  from  100  kg.  of  sulphur  will  therefore  amount  to  69-8+262-2-f  34-9 
4-131-14-143-8=641-8  cu.  m.,  and  their  composition  by  volume  will  be 
10-64%  SO,,  10-36%  O,  and  79%  N.  A  similar  calculation  for  100  kg.  of 
pyrite  and  blende  gives  the  following  results : 


100  kg.  pyrites:  37-2+52-3+140+18-G+70+104-9=423  cu.  m., 
consisting  of  8-79%  S02,  9-59%  O  and  81-62%  N. 

100  kg.  blende:  23+G8-5+ll-5+43-2+ll-5+43-2-f  75-8=276-7  cu.  in., 
consisting  of  8-31%  SO,,  14-05%  O  and  77-64%  N. 

The  gas  mixture  from  100  kg.  consists  therefore  of 


Constituents. 

Sulphur. 

Pyrites. 

Blende. 

Cu.  meters  S02 . 

“  -  N. ...... 

69  8 
262  2 
309*8 

37*2 

192*3 

193  5 

23*0 

129  7 

124  0 

“  “  Air . 

‘‘  41  Total.... 

%  SOa  by  volume .  .  . 

G41  8 

10  6 

423  0 
8*8 

276  7 

8  3 

’  '°  ume  ot  gas  per  100  kg.  of  real  sulphur  in  brimston 

b  cnd?  iS  respectively  G12’  800  and  840  cu.  m.,  whcrefoi 
fa\ne(i  b3T  Earning  blende  may  be  almost  as  rich  as  thi 

HeIt  ReLCC  SpaCG  mUSt  be  inereased  in  the  ratio  800:  840. 

_ Ttlg  OxidatinriEMfENTS  ^  f  L^NDE  ^0ASTING  AND  USE  OF  PREHEATED  Al 

theoreticallv  does  n  sulpblde  ifi  exothermic,  i.e.,  it  develops  heat  an 
sary  in  the  reduction  T1'-'1"0  *  °  appbcatlon  of  extraneous  heat,  as  is  necc 
ho?t  StSS*  0°  T  0X1(1 -lWhich  is  an  endothermic  region.  T1 

41,880  gram-calories,  that^fZnf)1  10n  i°f  ^  accordinS  to  Xauman 

the  oxidation  S4-2O— So  \  ’  a°01<  ^be  same  authority,  85,430 

reaction  +  S°2  °V°lves  71’000  gram-calories.  Consequently  tl 


Zn8-}-30  ^  ZnO  4-  SO 
41,880  85,430-(- 71 ,0(X>  =  +  114,550 


'This  ta  nlso  the  r  T“™  =  +  114,550 

Thomson.  Roberts  \  *  RUrc  rePOrted  by  0{  f 

to  the  Study  of  Metalln^'  ln  Introduetlon  4-too(*mat  °n  °f  ZnR  in  ronrul  nnn 

•  Metallurgy,  gIvcfl  thft  ^  Jl.ooo  gram.(.alories .  o£  ZnG  s,u„f 

'  °2.  gaseous,  71,000. 
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evolves  a  large  quantity  of  heat.  The  reactions  which  take  place  practically 
in  blende  roasting  are  a  good  deal  more  complicated,  involving  the  forma¬ 
tion  of  sulphates  and  their  subsequent  decomposition,  the  former  being  an 
exothermic  and  the  latter  an  endothermic  process,  while  there  is  always 
present  an  excess  of  oxygen  and  its  diluting  nitrogen,  which  absorb  heat. 

Consequently  in  roasting  zinc  blende  there  is  the  necessity  first  to  raise 
the  temperature  of  the  ore  and  air  to  the  point  where  ignition  begins,  after 
which  there  is  an  evolution  of  heat  sufficient  to  maintain  the  requisite  tem¬ 
perature  in  many  furnaces,  even  in  grate  kilns,  until  the  sulphur  is  burned 
down  to  8%  (in  Gerstenhofer  furnaces,  roasting  fines,  down  to  5%)  beyond 
which  point  the  heat  generated  by  the  sulphur  alone  is  insufficient  to  make 
up  for  the  loss  by  radiation  from  the  furnace  and  absorption  by  the  cold 
air  passing  over  the  ore,  and  the  temperature  falls  below  the  ignition  point 
of  the  zinc  sulphide;  so  combustion  ceases.  In  order  to  complete  the  roast 
therefore  it  is  necessary  toward  the  end  to  supply  heat  from  the  combustion 
of  carbon,  which  is  also  required  to  break  up  the  zinc  sulphate  that  has 
previously  been  formed.  These  theoretical  considerations  are  borne  out 
in  practice,  wherein  it  has  been  found  that : 

1.  The  decomposition  of  zinc  sulphate  requires  a  high  temperature  at 
the  end  of  the  roast. 

2.  The  oxidation  of  zinc  sulphide  develops  sufficient  heat  to  proceed  in¬ 
dependently  until  the  sulphur  has  been  burned  down  to  a  percentage  vary¬ 
ing  according  to  the  furnace  and  the  conditions. 

3.  As  a  consequence  of  the  second  conclusion,  the  length  of  a  furnace 
with  a  single  fireplace  at  one  end  is  dependent  upon  the  tenor  of  sulphur 
in  the  ore. 

4.  In  a  muffle  furnace,  wherein  the  flames  are  carried  in  a  flue  under 
each  hearth  in  the  opposite  direction  to  the  travel  of  the  ore,  there  may 
be  a  point  where  the  temperature  in  the  flue  is  lower  than  that  in  the  hearth 
chamber  and  the  gases  of  combustion  passing  through  the  flue  may  actually 
have  a  cooling  effect  instead  of  a  heating. 

The  last  conclusion  is  based  on  the  experience  in  Europe  with  muffle 
furnaces  of  the  new  ITasenclevcr  type,  in  which  the  middle  flue  has  now 
been  generally  abandoned,  the  flames  being  carried  under  the  lowest  hearth 
and  back  over  the  uppermost,  serving  to  raise  the  ore  on  the  latter  more 
quickly  to  the  temperature  of  ignition. 

Relation  Between  Air  Supply  ntul  Consumption  of  Fuel. — In  a  previous 
section  of  this  chapter  it  has  been  shown  that  if  blende  be  roasted  with  eight 
parts  of  oxygen,  yielding  a  gas  containing  5*39  S02  by  volume  (which  would 
he  a  fair  practical  result),  2000  11).  of  ore  assaying  30%  S  and  liberating 
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580  lb.  of  sulphur  require,  10,087  lb.  — 132,553  cu.  ft.  of  air.  This  weight 
and  volume  of  air  must  all  be  raised  to  the  temperature  of  the  furnace,  say 
600°  C.  as  the  temperature  of  the  coolest  hearth,  in  order  to  permit  the  roast¬ 
ing  to  proceed.  As  a  matter  of  fact,  experience  shows  that  the  heat  gen¬ 
erated  by  the  sulphur  so  long  as  the  latter  is  present  in  quantity  exceeding 
8%  of  the  weight  of  the  ore  is  sufficient  to  heat  the  quantity  of  air  corre¬ 
sponding  to  a  percentage  of  5-39  S02  by  volume  in  the  roast  gas,  and  the 
gas  is  sufficiently  hot  for  the  successful  operation  of  a  Glover  tower.  At 
the  end  of  the  roast,  however,  it  may  be  assumed  that  a  temperature  of  900° 
C.  must  be  attained  in  the  furnace,  and  there  being  then  little  or  no  sulphur 
in  the  ore  available  as  fuel  the  requisite  heat  is  attainable  only  at  the 
expense  of  the  coal  burned,  the  heat  of  which  in  the  case  of  a  muffle  furnace 
must  be  abstracted  by  conduction  through  the  tile  hearth  of  the  muffle. 
It  is  obvious  that  the  greater  the  volume  of  air  admitted  to  the  furnace  the 
greater  is  the  quantity  of  heat  required  to  raise  it  to  the  temperature  of 
the  furnace. 

Method  of  Admitting  the  Air. — The  quantity  of  fuel  required  depends 
not  merely  upon  the  volume  of  air  admitted  into  the  furnace,  but  also  upon 
the  manner  in  which  it  is  introduced.  It  is  manifest  that  more  air  is  re¬ 
quired  in  those  parts  of  the  furnace  where  ore  rich  in  sulphur  is  burning 
than  toward  the  discharge  end  where  the  tenor  in  sulphur  has  been  reduced 
to  8%  and  less,  part  of  which  is  then  existing  in  the  form  of  sulphate.  A 
high  temperature  and  comparatively  little  oxygen  are  required  there;  an 
excess  of  air  has  the  effect  of  cooling  the  ore  below  the  temperature  of  com¬ 
bustion  of  its  remaining  sulphides  and  dissociation  of  its  sulphates,  and 
the  process  will  be  checked  unless  the  necessarv  heat  be  supplied  extrane- 
ou^y,  leading  to  a  waste  of  fuel,  which  may  be  a  large  one. 

were  admSedVt  the  ditla^^Tf^  ^  ^  ^  by  th®  T 

burner)  mif  r™  ,  *  011  *  ^le  furnace,  sweeping  over  the  nearly 

nXw  900°  C  i  n  o'  U“‘  haS  ‘°  ba  “-"there  is  appro.vi- 

below  it  Ignoring  tv,  °  t0  that  tempcraturo  or  the  ore  will  be  cooled 

capable  of  ZZ  J  the",'i  °f  **  the  ore  itself  is  still 

simple  physical  calculation  r,mUS  the  combustion  of  coal.  A 

purpose  ■  all0n  Sh0WS  how  “neh  must  be  consumed  for  that 

Tn  order  to  heat  1  1™.  ^  « 

SS5  kft.-calories.  The  sm-HfieYA  ?'5°  *°  C.,  there  is  require1' 

0-2375,  the  quantity  of  heat  ^  n°  a,r  a,rK'or  constant  pressure  being 
000"  C.  is  885X0  SSrS-tloTya  °  ^  1  **  *  from  15”  C.  to 

~  1875  calori“-  In  order  to  heat  10,087  lb- 
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—4575  kg.  from  15°  to  900°  C.  there  would  be  required  210X1575= 
900,750  kg. -calories.  If  coal  of  a  calorific  power  of  8000  kg. -calories  be 
assumed,  the  heating  of  4575  kg.  of  air  would  require  120  kg.  of  coal  if 
the  entire  efficiency  of  the  coal  were  realized.  If  only  50%  of  the  calorific 
power  of  the  coal  were  realized  there  would  be  required  240  kg.,  i.e.,  about 
2G-5%  of  the  weight  of  the  ore  (2000  lb.=907  kg.).  The  admission  of 
only  one  half  that  volume  of  air  would  reduce  the  consumption  of  coal  to 
13-25%.  It  is  assumed  that  the  air  is  admitted  at  atmospheric  temperature. 

Practically  the  roasting  of  zinc  blende  can  be  done  with  the  consump¬ 
tion  of  15  to  20%  of  the  weight  of  the  ore  in  good  coal,  but  careful  manage¬ 
ment  of  the  fire  and  proper  admission  and  regulation  of  the  air  supply  are 
necessary  to  obtain  such  a  result.  On  the  other  hand  poor  coal,  combined 
with  poor  management  and  poorly  designed  furnaces,  may  lead  to  results 
so  unsatisfactory  as  one  ton  of  coal  per  ton  of  ore.  Muffie  furnaces,  espe¬ 
cially  when  gas  fired,  show  as  high  economy  in  fuel  as  reverberatory  fur¬ 
naces,  because  of  the  more  perfect  control  of  the  air  supply  that  is  possible 
with  them.  For  the  same  reason  mechanically  raked  furnaces  are  likely  to 
show  improved  results. 

Advantage  of  Preheating  Air. — The  advantage  that  can  be  gained  from 
preheating  the  air  of  oxidation  for  blende  roasting  has  been  recognized  bv 
many  metallurgists  and  numerous  furnaces  have  been  designed  with  that 
in  view,  but  although  uniformly  good  results  have  been  apparently  obtained, 
both  as  to  economy  of  fuel  and  hastening  of  the  calcination,  there  have  been 
few  furnaces  designed  and  constructed  so  as  to  give  the  maximum  efficiency. 
The  muffle  furnaces  of  Hasenclever  and  Eichliorn  &  Liebig,  which  are  so 
largely  used  in  Germany  at  the  present  time,  are  generally  arranged  with 
ducts  under  the  combustion  flues  through  which  the  air  for  oxidation  of 
the  blende  and  combustion  of  the  coal  is  drawn  and  becomes  more  or  less 
heated  in  its  passage.  Spence  furnaces  have  been  built  for  roasting  pyrite 
with  air  ducts  in  the  side  walls.  There  have  been  mechanical  furnaces  in 
which  the  stirring  arms  have  been  cooled  by  circulation  of  air  through  them, 
the  hot  air  being  returned  to  the  furnace.  While  Blake  in  designing  his 
circular  furnace  (q.  v.)  which  was  used  in  Wisconsin,  went,  so  far  as  to 
preheat  the  air  for  the  roasting  chamber  by  passing  it  througi  )ric' 
checker-works  heated  alternately  by  an  independent  fireplace.  i 
those  methods  of  air  heating  has  given  good  results,  although  no  one  o 
is  a  recuperative  system  or  accomplishes  the  maximum  economy  w  uc  i  can 
be  expected  from  an  application  of  the  latest  principles  of  furnace  <  i.i_n 
fu  this  respect  the  practice  in  roastinsr  furnace  construction  is  enn 
°f  the  distillation  and  other  kinds  of  heating  furnaces. 
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The  rational  design  of  a  furnace  for  blende  roasting  (the  principles  appp 
equally  well  to  most  types  of  heating  furnaces)  is  in  the  first  place  to  buil^ 
such  massive  brickwork  as  will  most  completely  store  and  retain  the  heat 
generated  in  the  furnace;  in  the  second  place  to  abstract  in  the  furnace 
itself,  or  in  an  accessory  recuperator,  so  much  of  the  caloric  that  the  escap¬ 
ing  gases  will  be  no  hotter  than  is  necessary  to  produce  the  requisite  chimney 
draught.  If  the  draught  were  to  be  produced  mechanically  the  escaping 
gas  could  be  cooled  to  a  very  low  temperature  indeed. 

The  heating  of  air  in  ducts  in  the  side  walls  obviously  takes  heat  from 
the  active  part  of  the  furnace;  the  radiation  from  the  walls  may  be  dimin¬ 
ished  to  a  certain  extent,  but  practically  the  only  useful  agency  of  such  a 
system  is  to  transfer  heat  from  one  part  of  the  furnace,  where  perhaps  it 
is  not  needed,  to  another  part  where  it  is  desirable.  The  circulation  of  air 


through  the  stirring  mechanism  is  also  directly  cooling  in  its  action;  the 

system  is  especially  useful  on  the  ground  of  preservation  of  the  stirring 

mechanism,  but  from  the  view  point  of  heat  recuperation  it  can  accomplish 

nothing  beyond  a  transferal  of  what  is  still  effective  heat.  Similarly  the 

installation  of  air  ducts  under  the  combustion  flues  is  essentially  a  system 

of  transferring  heat  that  is  not  yet  waste  heat  from  one  place  to  another, 

save  for  what  is  gained  by  cutting  off  conduction  into  the  foundation  of  the 

furnace,  which  must  naturally  be  small ;  it  is  obvious  that  the  circulation  of 

a  current  of  cold  air  under  the  flues,  which  are  designed  primarily  for  the 

generation  of  heat,  can  obtain  heat  only  from  those  flues,  which  must  of 

necessity  be  cooled  in  the  process;  if  the  flues  have  more  heat  than  is 

needed,  \\hich  is  probable  at  certain  places  in  their  course^  something  may  be 

gained  by  robbing  them  there  and  carrying  the  heat  back  to  the  discharge 

end  of  the  furnace,  where  the  sulphur  in  the  ore  is  lowest  and  most  heat  is 
required. 

-The  general  experience  in  favor  of  preheating  air  liv  the  above  methods 

indicates  that  a  mere  transferal  of  heat  may  be  useful.  Blake’s  system  of 

preheating  the  air  by  independent  fireplaces,  on  the  other  hand,' actually 

‘  ,;S  0  0  ca  0  furnace,  hut  since  it  is  obtained  at  the  expense  of 

f.,ndeo  rr ,  0n,  °°al  *  Cannot  PO"lMy  lead  to  any  economy  of  fuel 

m~7  he t y«"n  VZ  a,‘  artUa'  ‘08S)’  80  that  any  advantage  ascribed  to  it 

an  !7r  ,  “'r  ’C  m°re  intcnsc  chemical  activity  of  hot  air,  offsetting 

an  increased  consumption  of  fuel.  J 

The  most  effective  method  of  increasing  the  efficiency  of  a  roasting  fur- 

H  leaned °V’"'t  fr°"'  thl?  prod,'cts  of  combustion  after  they 
h.ue  escaped  ron,  the  furnace  in  which  the  maximum  direct  effect  has 

already  boon  obtained  from  them.  Whatever  heat  in  the  form  of  air  can 
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be  thus  restored  to  the  furnace  is  an  actual  gain  by  recovery  and  must  logic¬ 
ally  lead  to  economy  in  fuel.  The  means  for  effecting  such  a  recovery  are 
discussed  in  the  chapter  on  “Fuel  and  Systems  of  Combustion.”  It  may 
be  remarked  here,  however,  that  the  recovery  is  limited  to  the  surplus  of 
heat  in  the  waste  gases  over  what  is  required  to  give  the  requisite  draught  in 
the  chimney,  though  we  may  see  the  time  when  chimneys  are  dispensed 
with  and  the  draught  is  produced  by  mechanical  exhausters  after  the  gases 
have  been  robbed  of  nearly  all  their  heat,  in  which  direction  American  steam 
boiler  practice  is  now  tending. 

We  may  say  therefore  that  if  a  roasting  furnace  be  built  of  such  massive¬ 
ness  as  to  reduce  to  the  minimum  loss  of  heat  by  radiation,  if  the  heat  of 
the  sulphurous  gas  is  utilized  to  the  maximum  in  the  Glover  tower,  and  if 
the  maximum  quantity  of  heat  above  what  is  required  by  the  chimney  is 
recovered  and  restored  to  the  furnace,  the  highest  efficiency  of  fuel  will  have 
been  obtained  that  is  to  be  expected  under  present  conditions  of  practice.1 

Progressive  Desulphurization. — In  roasting  zinc  blende  the  desulphu¬ 
rization  proceeds  gradually  from  the  feed  end  to  the  discharge  end  of  the 
furnace.  Samples  of  the  partially  burned  ore  at  intermediate  points  should 
show  a  steady  diminution  in  the  percentage  of  zinc  present  as  sulphide,  and 
an  increase  in  the  percentage  of  zinc  oxide.  The  percentage  of  zinc  sul¬ 
phate  will  first  increase  and  then  decrease.  The  progressive  desulphuriza¬ 
tion  is  shown  by  the  subjoined  analyses. 

1-  An  Eichhorn-Liebig  furnace,  with  six  muffles,  roasting  3000  kg.  of 
ore  per  24  hours,  gave  the  following  results : 


Haw  ore. 

27-8%  S 

31-2%  S 

31'2%  S 

31‘2%S 

31*2%S 

End  of  1  Rt  hearth . 

24-9 

28*0 

23*8 

24*3 

24*2 

44  14  2nd  44  . 

17*3 

24*8 

22*7 

19*7 

21*5 

41  44  3rd  41  . 

132 

16*1 

16*5 

12*3 

17*3 

44  14  4th 

2*3 

8*8 

12*5 

9*9 

44  44  5th  44  . 

0*2 

7*8 

7*8 

5*4 

5  6 

44  44  Gth  44  . 

0*1 

0*96 

0*9 

1  29 

1*33 

A  charge  was  drawn  every  six  hours,  having  been  36  hours  in  making 
hie  passage  through  the  furnace. 

h.  An  Eichhorn-Liebig  furnace,  with  four  muffles,  it  ha\ing  been 


m  °Pinion  as  to  the  advantage  there 
frf,'  °  *n  a  mere  transferal  of  heat  by  afr 
ronfi.0^e  a  furnace  to  another  Is 

Veil  1Dl0^  ky  the  results  obtained  with  re- 
whi  hrat°ry  C0PPer  smelting  furnaces,  in 
c  the  air  is  preheated  in  that  manner. 


would  be  interesting  to  know  precisely 
sv  much  better  results  might  be  obtained 
th  in  blende  roasting  and  copper  smelt- 
-  by  preheating  the  air  in  a  way  which 
_ oKotropi  hpnt  from  the 


active  part  of  the  furnace. 
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found  unnecessary  to  provide  more  than  that  number,  gave  the  following 
results  in  roasting  Silesian  blende : 


Raw  ore. 

19  2%  S 

26  8%  S 

26-8%  S 

26-5%  S 

26-5%  S 

End  of  1st  hearth . 

17*6 

1910 

21*9 

15*4 

21*3 

“  44  2nd  44  . 

12*0 

11*20 

14*3 

9*9 

12*4 

44  44  3rd  44  . 

3*4 

1*02 

1*48 

0*75 

1*06 

44  44  4th  44  . 

0*6 

0*35 

1*02 

0*75 

1*06 

The  charges  in  this  furnace  were  introduced  at  intervals  of  eight  hours 
and  remained  in  the  furnace  32  hours.  The  furnace,-  which  was  gas-fired, 
roasted  3500  to  4000  kg.  of  ore  (yielding  3000  to  3500  kg.  of  product) 
with  the  consumption  of  980  kg.  of  coal  (containing  12  to  1G%  ash).  The 
air  supply  was  preheated  in  channels  in  the  furnace.  The  roast-gas  had  a 
tenor  of  5  to  G%  S02  and  entered  the  dust  chamber  at  a  temperature  of 
about  400°  C.  The  furnace  crew  comprised  two  men  per  12-hour  shift.1 

A  description  and  engraving  of  the  Eichhorn-Liebig  furnace  will  be  found 
on  pages  129  and  130  of  the  next  chapter. 

III.  Samples  from  a  simple  reverberatory  furnace  at  the  Austro-Belge  * 
works  at  Corphalie,  Belgium,  gave  the  following  results:2 


Sample 

Zinc 

Sulphide 

Zinc 

Sulphate 

Zinc 

Oxide 

Sample 

Zinc 

Sulphide 

Zinc 

Sulphate 

Zinc 

Oxide 

Charged 

2 

3 

64-5% 

58‘0 

380 

0% 

3*4 

7  9 

0% 

4*6 

19*0 

4 

5 

Drawn 

17*5% 

10*0 

1*2 

8*4% 

2*6 

2*2 

39*0% 

50*5 

59*7 

T'  Areib€rat0ry  furnace  with  two  hearths  at  the  Yieille  Montagne 
works  at  Hone,  Belgium,  showed:2 


Sample 

Zinc 

Sulphide 

Zinc 

Sulphate 

Zinc 

Oxide 

Sample 

Zinc 

Sulphide 

Zinc 

Sulphate 

Zinc 

Oxide 

Charged 

2 

3 

4 

5 

83*0% 

70*5 

52*2 

51*5 

43*0 

3?% 

3*9 

4*2 

11*0 

0 % 
15*2 
34*6 
38*0 
41*5 

6 

7 

8 

Drawn 

23-2% 

177 

8-6 

1-9 

12*3% 

7*8 

6*2 

5*9 

57*8% 

65*0 

75*5 

81*0 

.  .  o.i  -x,  «^aiui8  or  U-0X2  m.  and  roast  21 

k^.  oi  ore  per  .4  hours  with  consumption  of  500  kg.  of  coal  (vide  p.  77). 

1  K.  Ellers,  Trans.  Am.  Inst,  of  Min.  Eng.  vv  soe  „ 

3  Ldtrange.  Reduction  de  Minerals  de  Zinc  par’ Electricit^'p.  i0. 
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V.  The  following  determinations  were  from  a  Hasenclever  furnace  at 
Stolberg,  Germany  i1 


Sample 

Zinc 

Sulphide 

Zinc 

Sulphate 

Zinc 

Oxide 

Sample 

Zinc 

Sulphide 

Zinc 

Sulphate 

Zinc 

Oxide 

Charged 

57*2% 

0% 

0% 

9 

24*2% 

5*2% 

30-0% 

2 

53*5 

3*5 

0*8 

10 

19*2 

5‘8 

326 

3 

530 

3*8 

3*4 

11 

10*0 

7*8 

40-0 

4 

48*4 

4*2 

4*6 

12 

7*9 

6*2 

449 

5 

39*9 

4*3 

12*3 

13 

1*5 

4*7 

525 

6 

35*2 

5*0 

16*5 

14 

1*6 

2*6 

530 

7 

31*8 

69 

17*0 

Drawn 

1*2 

0 

55-0 

8 

25*2 

6*3 

27*1 

Temperatures  Attained  in  Blende  Roasting. — Experience  has  shown 
that  a  temperature  of  approximately  900°  C,  corresponding  to  orange  color, 
i.e.,  a  color  intermediate  between  light  cherry  red  and  full  yellow,  must  be 
attained  in  the  blende  roasting  furnace  to  insure  the  requisite  desulphuriza¬ 
tion.  The  heat  is  furnished  partly  by  the  burning  ore  itself  and  partly  by 
the  combustion  of  coal,  the  latter  being  required  at  the  end  of  the  roast 
when  the  ore  has  nearly  burned  out.  The  reaction  ZnS+30=Zn0+S02 
corresponds  to  the  evolution  of  114,550  calories  of  heat,  i.e.,  1  hg.  develops 
114,550=97=1181  calories.  An  ore  containing  90%  blende  will  therefore 
develop  907X0-9X1181=904,050  calories  per  907  kg.  (2000  lb.)  burned. 
According  to  John  Hollway2  the  temperature  of  combustion  in  air  of  zinc 
sulphide  is  1992°  C.;  of  ferrous  monosulphide,  2225°  C.;  of  pyrites,  1719° 
C.  Carbon  burned  to  C02,  without  excess  of  air,  affords  a  temperature  of 
approximately  2080°  C.  In  all  cases  the  temperatures  of  combustion  are 
reduced  by  the  excess  of  air  which  is  practically  required.  Thus  if  carbon 
be  burned  with  100%  excess  of  air,  which  is  not  uncommon,  the  tempera¬ 
ture  of  the  fire  is  reduced  to  approximately  1390  C.,  even  if  it  all  be  burned 
to  C02.  It  is  evident  therefore  that  in  a  furnace  of  only  moderate  length 
there  will  be  a  point  where  the  temperature  generated  bv  the  burning  ore, 
may  be  higher  than  that  of  the  gases  from  the  fireplace,  which  is  found 

practically  to  be  the  case  in  many  furnaces. 

The  actual  pyrometric  measurements  of  blende  roasting  furnaces  in 
operation  have  not  been  extensive.  Horace  F.  Brown  has  reported  some 
data  concerning  the  temperature  attained  in  a  horseshoe  furnace  at  Collins- 


1  L£trange,  loc.  cit. 

2  In  a  paper  entitled  “A  New  Application 
of  Ressemer’s  Process  of  Rapid  Oxidation, 
by  Which  Sulphides  are  Utilized  for  Fuel,” 
rcad  before  the  Society  of  Arts  (London), 


February  12,  1879.  Previous  to  noilway. 
Rode  in  his  treatise  on  “Sulphuric  Acid” 
gave  the  following  temperatures  of  com¬ 
bustion  :  FeS2.  25*86°  C. ;  FeS,  2725  C. » 
7nS,  2850°  C. 
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ville.  111.1  This  furnace  had  a  hearth  of  135  ft.  effective  length,  with  four 
fire  boxes  at  intervals  in  that  length.  The  ore  roasted  assayed  about  58% 
Zn  and  29  to  30%  S.  The  temperature  from  the  feed  end  to  the  first 
fire  box,  a  distance  of  35  ft.,  was  found  to  average  648°  C.  (1200°  F.); 
from  the  first  fire  box  to  the  second,  35  ft.,  815°  C.  (1500°  F.) ;  from  the 
second  to  the  third,  955°  C.  (1750°  F.)  ;  and  from  the  third  to  the  fourth, 
1093°  C.  (2000  F.).  At  the  first  fire  box  the  sulphur  tenor  of  the  ore  had 
been  reduced  to  18  or  20% ;  at  the  second  to  10  or  12%  ;  at  the  third  to  5-5  or 
G% ;  and  at  the  fourth  (discharge  end)  to  0-8%.  The  ore^bed  was  2  in. 
deep.  It  was  moved  forward  at  the  rate  of  8  ft.  per  hour,  remaining  in 
the  furnace  17  to  18  hours. 


Pyrometric  measurements  at  Oberhausen  with  the  new  TIasenclever  (Rhe- 
nania)  furnace  showed  a  temperature  of  580°  to  690°  C.  in  the  first  muffle 
and  1 50  to  900°  C1.  in  the  second  and  third.  With  ore  rich  in  sulphur  the 
middle  muffle  was  the  hottest,  but  with  ore  poor  in  sulphur  the  highest 
temperature  was  registered  in  the  lowest.  In  the  Hasenclever  furnaces  at 
Stolberg  a  temperature  of  1000°  C.  is  sometimes  attained. 

'I  he  sulphurous  gas  from  a  muffle  furnace  will  escape  at  a  temperature 
of  approximately  500°  to  600°  C.  Its  temperature  upon  reaching  the 
Glover  tower  will  depend  of  course  upon  the  velocity  and  distance  it  has 
to  traiel,  and  the  precautions  taken  to  conserve  heat  during  the  passage. 
It  is  important  to  settle  the  dust  as  completely  as  possible  and  at  the  same 
time  avoid  loss  of  heat  by  radiation,  which  implies  that  the  dust  chambers 
and  flues  should  have  thick,  non-conducting  walls.  It  is  desirable  to  deliver 
the  gas  to  the  Glover  tower  as  hot  as  possible— up  to  about  650°  C.— tem¬ 
peratures  of  320°  C.  to  430°  C.  being  common  in  Glover  tower  operation,  in 
which  case  the  gas  will  leave  the  tower  at  88°  to  93°  C.  The  Glover  tower 
is  a  true  heat  recuperator;  the  hotter  the  gas  delivered  to  it,  the  greater 

e  econonn  in  the  combined  process  of  blende  roasting  and  sulphuric  acid 
manufacture.  r 

Volume  of  Gaseous  Products— It  has  been  computed,  in  a  previous 
sechon  of  this  chapter,  that  if  blende  be  roasted  in  such  a  way  as  to  produce 

thfre  ifnlT"  w  ,S°!  ’’y  T°lume’  whieh  is  a  fair  Poetical  result, 

hree  mrt  1  g  ^  f  b>'  ™gbt  of  oxygen  per  part  of  blende  instead  of 

iTf  sullr  o?'r  I  n0ry’  "W°Te  8000  lb'  °*  OTc  containing  000 

m.  01  air  —132.552  cu.  ft.  at  62°  F  n\  J  „r  that 

quantity  of  air  is  partlv  taken  nn  ;  '  ,  7 .  The  ox-v^en  of  th 

but  chiefly  passes  through  the  f„  COmbinatlon  by  the  zinc  and  sulphur, 

•  I  through  the  furnace  unaltered,  diluting  the  gas  of  com- 

1  Tn  n  r’r,vntp  oomnumiraHon. 
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bustion.  The  580  lb.  of  sulphur  burned  require  580  lb.  of  oxygen  and  pro¬ 
duce  1100  lb.  of  sulphurous  anhydride;  the  1100  lb.  of  zinc  require  290  lb. 
of  oxygen.1  Consequently  580+290=870  lb.  of  oxygen  have  been  fixed* 
and  the  products  of  combustion  are  then  10,087  lb.  air- 870  lb.  oxygen 
+1100  lb.  sulphurous  anhydride  =10,377  11).  The  original  10,087  lb.  of 
air  contained  2320  lb.  of  oxygen  and  7707  lb.  of  nitrogen.  The  products  of 
combustion  must  consist  therefore  of : 


By  Weight. 

By  Volume. 

77671b.  N  =75% 
1450  lb.  O  =  14% 
11601b.  SOa  =  11% 

99183  cu.  ft.  =  814% 
16252  cu.  ft.  =  13  3% 
6504  cu.  ft.  =  5-3% 

10377  lb.  100% 

121939  cu.  ft.  =  100  0% 

Kesume:  2000  lb.  of  blende  containing  1200  lb.  (00%)  zinc  and  GOO  lb. 
(30%)  sulphur,  of  which  580  lb.  are  burned  off,  requires  to  produce  a  gas 
suitable  for  the  manufacture  of  sulphuric  acid  the  supply  in  round  num¬ 
bers,  of  10,000  lb.  of  air,  or  132,500  cu.  ft.  at  ordinary  temperature;  and 
yields  122,000  cu.  ft.  of  sulphurous  gas  reduced  to  0°  C.,  the  actual  volume 
being  proportional  to  the  absolute  temperature  at  which  it  escapes  from 
the  furnace. 

In  a  muffle  furnace  the  gases  arising  from  the  combustion  of  the  coal 
are  of  interest  only  in  so  far  as  they  enter  into  the  calculation  of  heat 
recuperation  and  the  means  of  causing  the  draught.  In  a  reverberatory 
furnace  on  the  other  hand  all  the  gases  go  off  together,  and  their  combined 
volume  must  be  considered  in  planning  the  dimensions  of  flues,  dust  cham¬ 
bers,  etc.  The  calculation  becomes  then  more  complicated  and  is  less  cer¬ 
tain,  because  the  excess  of  air  required  and  the  false  air  admitted  when  the 
ore  is  being  raked  are  rather  variable  factors. 

Assuming  that  the  coal  to  be  used  contains  75%  carbon,  5%  hydrogen, 
8%  oxygen,  1%  nitrogen,  1%  combustible  sulphur  (i.e.,  sulphur  not  already 
combined  with  oxygen)  and  10%  ash,  the  combustion  of  1000  kg.  of  such 
coal  requires  air  and  yields  gaseous  products  as  follows  :2 


1  For  convenience  in  calculation  one  part 
of  sulphur  is  assumed  to  require  two  parts 
°f  zinc,  and  one  part  of  oxygen  four  parts 
of  zinc,  by  weight. 

2  For  sake  of  simplicity  in  the  calculation 
the  coal  is  assumed  to  be  free  from  mois¬ 
ture;  similarly  the  small  percentage  of 
uioisture  in  the  air  used  for  its  combustion 


is  disregarded.  This  hypothetical  coal  cor¬ 
responds  approximately  to  the  composition 
of  Pittsburgh,  Penn.,  bituminous,  which  has 
a  calorific  value  of  about  7500  calories,  or 
about  8300  when  dry  and  free  from  ash. 
The  presence  of  8%  oxygen  with  5%  hy¬ 
drogen  leaves  4%  of  the  latter  available. 
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Kg.  of  Com¬ 
bustible. 

Burned 

to 

Requiring  cu. 
m.  of  Air. 

Producing  cu. 
m.  of  Gas.  Q 

750  C  . 

COa 

HuO 

HaO 

6765 

1074 

6743 

1299 

325 

8 

34 

40  H . 

10  HI 

80  OJ . 

10S . 

so2 

33 

Total 

7872 

8409 

o  Direct  products  of  combustion  plus  nitrogen  of  the  air  used. 


If  100%  excess  of  air  be  used  in  the  combustion  of  the  coal  the  total 
quantity  required  is  2X7872=15,744  cu.  m.,  and  the  volume  of  the  gases 
of  combustion  is  8409+7872=16,281  cu.  m.,  ignoring  moisture. 

In  burning  1000  kg.  of  ore  assaying  60%  Zn  and  30%  S,  29  units  of  the 
sulphur  being  consumed,  there  is  required  290  kg.  of  oxygen  for  the  sulphur 
and  145  kg.  for  the  zinc,  a  total  of  435  kg.  =1890  kg.  (1461  cu.  m.)  of  air. 
The  product  of  the  combustion  will  consist  of  580  kg.  (203  cu.  m.)  of  S02, 
plus  1455  kg.  (1160  cu.  m.)  of  nitrogen,  a  total  of  203+1160=1363  cu.  m. 
of  gas,1  no  excess  of  air  being  yet  reckoned.  If  now  the  roasting  be  effected 
with  a  consumption  of  30%  coal,  for  every  1000  kg.  of  ore  calcined  300  kg. 
of  coal  will  be  burned.  The  quantity  of  false  and  excess  air  that  will  be 
introduced  into  the  furnace  can  only  be  guessed  at ;  we  may  say  10  times 
the  quantity  actually  required  by  the  ore,  i.e.,  10X1461=14,610  cu.  m. . 
the  percentage  of  SO.  in  the  gas  escaping  from  the  furnace  will  be  to  a 
certain  extent  a  check  on  this  estimate.  The  combined  gases  escaping 
from  the  furnace  will  be  consequently  as  follows : 


From  ore .  1.1G0  cu.  m.  containing  203  cu.  in.  SO* 

“  coal .  4,884  “  “  “  2  . 

Excess  air .  14,010  “  “ 


Total  gas .  20,034  “  “  “  203 


The  gases  of  combustion  estimated  above  contain  a  trifle  less  than  1% 
S02  by  volume,  a  result  which  corresponds  with  analyses  of  the  roast  gases 
of  many  furnaces.  In  general  the  gases  of  reverberatory  furnaces  contain 
from  1  to  2%  SO,.  A  tenor  of  2%  would  correspond  approximately  to 
the  use  of  false  and  excess  air  to  the  extent  of  four  times  the  quantity 
actually  required  by  the  ore,  all  conditions  remaining  as  specified  above. 

1 203-7-1303=14-9%  Is  the  maximum  percentage  of  S02  by  volume  that  is  theoretically 
possible  in  roasting  blende  In  air,  with  no  excess  of  the  latter. 
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The  weights  and  volumes  used  above  are  reduced  to  the  equivalents  of 
tons  of  2000  lb.  by  multiplying  by  0-007 ;  cubic  meters  are  converted  to 
cubic  feet  by  multiplying  by  35-314. 

Resume:  2000  lb.  of  blende  containing  1200  lb.  (60%)  zinc  and  600  lb. 
(30%)  sulphur,  of  which  580  lb.  are  burned  off,  if  roasted  with  30%  of  a 
superior  coal  and  with  such  excess  of  air  that  the  escaping  gases  will  contain 
about  2%  S02  by  volume,  requires  for  both  ore  and  coal  the  supply  of 
385,000  eu.  ft.  of  air,  in  round  numbers,  and  produces  340,000  cu.  ft.  of 
sulphurous  and  carbonaceous  gas,  that  volume  being  reduced  to  0°  C  and 
the  actual  volume  being  proportional  to  the  absolute  temperature  of  the 
escaping  gas. 

The  quantity  of  air  used  and  the  quantity  of  sulphurous  gas  produced  are 
therefore  nearly  three  times  as  great  in  roasting  in  a  reverberatory  furnace 
as  in  roasting  in  a  muffle  furnace.  If  the  air  used  in  the  fireplace  of  the 
muffle  furnace  and  the  gases  escaping  therefrom  were  included  in  the  esti¬ 
mate  of  that  type  the  quantity  of  air  required  and  the  aggregate  volume  of 
gases  produced  would  be  more  nearly  the  same  in  each  case,  depending 
largely  upon  the  proportion  of  excess  air  employed  in  the  combined  opera¬ 
tion. 

Muffle  Furnaces  Compared  with  Reverberatory  Furnaces. — The 
chief  difference  in  principle  between  roasting  in  a  muffle  furnace  and  roast¬ 
ing  in  a  reverberatory  has  been  pointed  out  in  the  foregoing  discussion  of 
air  supply  and  heat  requirements.  In  the  former  the  gases  of  combustion 
pass  directly  over  the  hearth,  an  excess  of  air  in  said  gases  being  necessary, 
while  in  the  latter  the  gases  do  not  come  in  contact  with  the  ore  and  the 
air  is  admitted  to  the  hearth  chamber  independently,  wherefore  it  is  possible 
to  regulate  the  supply  of  air  more  exactly.  So  long  as  the  heat  generated 
bv  the  burning  sulphur  is  greater  than  that  furnished  by  the  combustion 
of  fuel,  the  ore  should  roast  on  the  hearth  of  the  muffle  as  rapidly  as  on 
the  hearth  of  the  reverberatory,  frequency  of  stirring  and  other  conditions 
being  equal.  But  when  the  aid  of  extraneous  heat  is  required  as  at  the 
end  of  the  roast  especially,  and  to  a  less  extent  at  the  beginning,  when  the 
ore  must  be  heated  to  the  temperature  of  ignition,  the  muffle  furnace  is  at 
a  disadvantage,  because  heat  is  available  neither  by  contact  of  the  hot  com¬ 
bustion  gas  or  by  luminous  radiation,  but  must  be  transmitted  through  2 
to  4  in.  of  fire  clay  tiling,  which  is  comparatively  a  poor  conductor  of  heat. 

The  comparatively  high  non-conductivity  of  the  tile  of  the  hearth  in  a 
muffle  furnace  involves  the  necessity  of  a  high  temperature  in  the  combus¬ 
tion  flue  beneath  it  in  order  to  transmit  heat  rapidly  enough  to  make  good 
what  is  taken  away  by  the  air  passing  over  the  hearth.  If  the  balance  be 
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not  maintained  the  hearth  will  be  cooled.  Of  course,  it  follows  that  the 
thinner  the  hearth  is,  the  more  rapidly  is  the  heat  transmitted  and  the  more 
easily  is  the  temperature  maintained  in  the  roasting  chamber.  For  struc¬ 
tural  reasons,  however,  it  is  hardly  feasible  to  construct  the  health  of  tiling 
less  than  2  in.  thick.  Theoretically  it  would  appear  that,  with  the  same 
temperature  and  quantity  of  heat  developed  from  the  fireplace,  the  muffle 
furnace  should  be  slower  than  the  reverberatory ;  that  in  order  to  accomplish 
the  same  work  there  should  be  needed  a  greater  hearth  area  and  a  larger 
consumption  of  coal.  Practically,  the  muffle  furnaces  appear  to  roast  as 
much  ore  per  square  foot  of  hearth  and  per  man  as  the  reverberatories,  and 
on  the  whole  show  a  smaller  consumption  of  coal  per  ton  of  ore. 

Mechanically  Raked  Furnaces  Compared  with  Hand  Raked. — The 
use  of  mechanically  raked  furnaces,  muffle  or  reverberatory,  is  of  compara¬ 
tively  recent  introduction  in  the  metallurgy  of  zinc.  Save  for  the  Hegeler 
furnace,  which  was  built  at  Lasalle,  Ill.,  in  1881,  where  it  has  been  in 
successful  operation  since  that  time,  and  the  turret  furnaces  which  were 
introduced  at  Oberhausen,  in  Westphalia,  about  1884,  there  was  practically 
no  mechanical  blende  roasting  done  until  a  Brown  horseshoe  furnace  was 
built  at  Collinsville,  Ill.,  about  1890.  Since  that  time  mechanical  furnaces 
have  been  generally  adopted  in  the  United  States,  where  their  work  has  been 
so  satisfactory  that  now  no  zinc  smelter  would  think  of  reverting  to  hand 
raked  furnaces.1  In  Europe  the  mechanical  furnaces  have  not  yet  found 
much  favor  and  the  roasting  is  still  done  chiefly  by  hand,  although  me¬ 
chanical  furnaces  were  used  there  experimentally  and  temporarily  even 
before  the  Hegeler  furnace  was  installed  at  Lasalle.2  European  zinc  smelt¬ 
ers  have  been  prejudiced  against  mechanical  furnaces,  however,  partly  be¬ 
cause  they  have  feared  that  the  requisite  degree  of  desulphurization  could  not 
be  attained  and  partly  because  the  comparative  cheapness  of  labor  in  Europe 
has  not  offered  a  strong  incentive  to  its  economy.  Both  these  objections 
have  been  refuted  by  the  American  experience,  which  has  shown  that  the 
desulphurization  can  be  carried  with  a  mechanical  furnace  as  low  as  desir¬ 
able,  while  the  cost  of  roasting  is  a  good  deal  lower  for  labor  in  the  United 
States  than  in  Europe,  notwithstanding  that  wages  are  a  good  deal  higher. 


The  only  difference,  theoretically,  betw 


eon  roasting  manually  and  me- 


1  This  question  has  been  greatly  compli¬ 
cated  by  the  recent  litigation  with  respect 
to  certain  of  the  successful  types  of  fur¬ 
naces,  which  has  restricted  their  use. 

2  The  mechanical  furnace  invented  by 
Kuschel  and  Ilinterhuber,  which  was  a  re¬ 
verberatory  with  a  circular  revolving 
hearth  and  fixed  rakes,  was  described  in 


Kiirnthn.  Ztsclir.,  1871,  p.  169,  and  Berg- 
u.  Hiittenm.  Ztg.,  1871,  p.  320,  and  1S72. 
p.  200.  This  furnace  was  used  for  blende 
roasting  at  the  Johannisthalei  hiitte  in  l  11 
terkrain,  Austria.  The  Brunton  furnace 
(circular,  revol\ing  hearth)  and  Parkes  fin* 
nace  (circular,  stationary  hearth),  used  for 
copper  ore,  antedate  1860. 
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chanically  is  that  in  the  latter  way  the  ore  can  be  stirred  much  more  fre¬ 
quently  and  more  regularly  than  by  hand  with  the  same  number  of  men, 
which  is  equivalent  to  saying  that  the  same  result  can  be  obtained  with 
fewer  men.  This  difference  is  so  great  that  two  men  per  13  hours  or  four 
men  per  24  hours  can  attend  to  a  furnace  that  will  roast  20  tons  of  raw 
ore  per  day,  while  to  accomplish  the  same  result  with  hand  raked  furnaces 
a  force  of  12  to  1G  men  per  24  hours  would  be  needed  under  the  ordinary 
conditions  of  practice.  It  is  true  that  a  higher  class  of  labor  is  required  on 
the  mechanical  furnaces  than  on  the  hand  raked,  but  after  making  allow¬ 
ance  for  that  the  advantage  is  greatly  in  favor  of  the  former.  Thus  if  four 
men,  each  paid  $2*50  per  day,  can  roast  20  tons  of  ore  the  cost  for  labor 
is  only  50c.  per  ton;  while  with  1G  men  (g$l-T5,  roasting  the  same  quantity 
the  cost  is  $140.  The  difference  is  partially  offset,  however,  by  the  power 
which  must  be  supplied  to  the  mechanical  furnace  and  the  increased  expense 
for  repairs  and  renewals,  besides  the  greater  first  cost. 

An  important  advantage  of  the  mechanical  furnaces  which  it  is  difficult 
to  reckon  in  dollars  and  cents  is  that  the  personal  factor  is  largely  elimi¬ 
nated.  The  physical  equations  as  to  air  supply  and  heat  requirements  are 
the  same  for  the  mechanical  and  the  manual  furnaces,  but  because  of  the 
more  frequent  raking  the  oxidation  takes  place  rapidly  in  the  mechanical 
furnaces  and  there  is  consequently  a  high  degree  of  hearth  activity. 

The  objection  is  sometimes  raised  to  mechanical  furnaces  that  as  the  rakes 
pass  under  the  ore  feed  a  certain  quantity  of  raw  ore  may  lodge  on  them 
and  be  carried  in  advance  of  its  normal  progress  before  it  falls  off,  thus 
leading  to  the  presence  of  imperfectly  roasted  particles  in  the  product  dis¬ 
charged  from  the  furnace.  This  objection  is  easily  overcome,  however,  by 
shutting  off  the  ore  feed  when  the  rake  is  passing  under  the  chute,  as  is 
done  in  most  well  designed  mechanical  furnaces. 

The  application  of  mechanical  raking  does  not  lend  itself  so  easily  to 
muffle  furnaces  as  to  reverb  oratories,  because  of  the  necessity  of  closely 
regulating  the  air  supply  of  the  former.  The  excellent  furnace  of  Bopp 
could  hardly  be  built  with  a  muffle  in  any  way.  On  the  othci  hand,  the 
Hegeler  furnace  is  an  example  of  a  successful  mechanically -raked  muffle 
furnace  for  blende  roasting;  also  the  balding  furnace;  while  both  the 
Spence  and  Herreshoff,  which  are  used  successfully  for  roasting  pyrites, 
can  be  undoubtedly  adapted  to  blende  roasting,  and  the  1  earce  turret  and 
Brown  straight  line  furnaces  both  have  been  built  with  muffles. 

Methods  of  Heating  Boasting  Furnaces.— The  extraneous  heat  re¬ 
quired  by  a  roasting  furnace  may  be  supplied  from  an  ordinary  fireplace 
with  a  grate,  by  firing  with  natural  gas  or  producer  gas,  or  by  the  waste 
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heat  of  another  furnace.  Of  these  methods,  direct  firing  from  a  grate  is 
by  far  the  most  common,  while  the  employment  of  waste  heat  is  seldom 
practised.  The  principles  of  the  combustion  of  fuel  are  discussed  in  a 
subsequent  chapter  and  reference  should  be  made  thereto,  since  they  are  the 
same  for  roasting  furnaces  as  for  distillation  or  other  heating  furnaces. 

Direct  Finny.— In  direct  firing,  flat  grates,  step  grates  and  clinker  grates 
are  used,  according  to  the  character  of  the  fuel;  the  ash  pit  may  be  entirely 
open,  or  it  may  be  provided  with  a  door  by  which  the  admission  of  aii  can 
be  regulated,  or  it  may  be  operated  with  a  closed  door  and  a  blast  of  air 
under  the  grate.  In  Kansas  the  shelf  burners  and  two  hearth  reverbera- 
tories  have  generally  open  ash  pits  and  a  few  wrought  iron  bars  for  a  grate, 
on  which  there  is  carried  a  bed  of  clinker  and  a  thick  bed  of  coal,  the 
draught  being  regulated  by  the  damper  in  the  chimney.  At  the  Empire 
works,  at  Joplin,  step  grates  with  an  under-grate  blast  were  used.  In 
Europe  both  flat  grates  and  step  grates  arc  to  be  found.  The  arrangement 
of  the  ash  pit  with  doors  which  can  be  closed  is  preferable  to  open  ash  pits, 
because  of  the  control  that  can  be  had  on  the  admission  of  air,  even  if  the 
air  be  not  blown  in  under  pressure,  when  of  course  the  ash  pit  door  must  be 
closed  tightly. 

In  a  hand  raked  reverberatory  furnace  there  is  usually  only  one  fireplace 
at  the  discharge  end  of  the  furnace;  the  shelf  kilns  used  in  Kansas  are 
arranged  in  such  a  way  that  one  fireplace  serves  two  furnaces.  With  the 
long  mechanically  raked  reverberatory  furnaces  there  are  necessarily  several 
fireplaces,  disposed  at  intervals  along  the  sides  (or  in  the  case  of  circular 
furnaces,  around  the  periphery)  because  the  effective  heat  of  a  single  fire¬ 
place  at  the  discharge  end  would  fall  far  short  of  the  zone  of  active  com¬ 
bustion  of  the  ore  itself.  A  fireplace  at  the  end,  moreover,  would  interfere 
with  the  movement  of  the  raking  mechanism  of  most  of  these  furnaces. 
The  arrangement  of  the  fireplaces  of  the  mechanical  furnaces  is  shown  in 

ie  c rawings  of  the  Brown,  Pearce,  Popp  and  others,  which  are  described 
in  the  next  chapter. 

atural  Gas  Tinny.-  In  filing  the  long  furnaces  with  natural  gas  in 
in  T  T'3  t  ,ge  !B1S  int,>  thc  roastinK  Chamber  through  open- 

“  T  ™  tr  the  **•  ™  Principle  of  the  Bunsen 

‘  °' f  "red  to  ho 

much  regard  to  economy  and  a  volnnTc  nf'roll"?  '•’’“P’  bUn>e,i 
roasting  chamber  which  is  limited  onlv  bv  the  T  ’"if?  admitted  t0  ^ 
thc  size  of  the  ports.  In  the  shelf  kiln  fraught  of  the  chimney  an  1 
I  ^  thc  shelf  kilns  used  m  Kansas  the  gas  is  com- 
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monly  introduced  by  a  burner  on  each  side  of  the  door  of  the  lowest  hearth, 
additional  air  for  the  ore  being  admitted  through  a  register  in  the  door. 

Producer  Gas  Firing. — In  tiring  a  roasting  furnace  with  producer  gas, 
the  producer  may  be  attached  directly  to  the  furnace  or  it  may  be  situated 
at  a  distance  of  many  hundred  feet  away,  though  for  economy  in  fuel  it  is 
best  placed  near  the  furnace,  if  not  directly  connected  with  it.  This  method 
of  firing  is  rarely  employed  with  other  than  muffle  furnaces.  The  gas  is 
led  to  the  combustion  flues  under  the  muffles,  where  the  secondary  air  is 
introduced,  either  in  a  mixing  chamber  from  which  the  products  of  com¬ 
bustion  pass  into  the  flues,  or  directly  into  the  flues  at  intervals  of  their 
length,  or  in  both  ways.  By  introducing  the  air  at  intervals  in  the  length 
of  the  flues  the  flames  can  be  elongated  so  far  as  any  combustible  gas 
remains  unconsumed,  and  the  method  being  analogous  to  placing  fireplaces 
at  intervals  on  the  sides  of  a  long  reverberatory  furnace  the  muffle  hearths 
may  be  extended  to  great  length,  as  in  the  case  of  the  Hegeler  furnace  at 
Lasalle,  Ill.  Lasalle  and  Peru,  Ill.,  are  the  only  places  in  the  United 
States  where  producer  gas  firing  is  employed  in  blende  roasting;  in  Europe 
its  use  is  more  common. 

Use  of  the  Waste  Heat  from  Distillation  Furnaces. — In  Germany  and 
Wales  roasting  furnaces  were  formerly  connected  with  the  distillation  fur¬ 
naces  and  heated  by  the  flames  escaping  from  the  latter,  but  if  there  are 
any  furnaces  arranged  in  that  way  at  present  outside  of  Wales,  I  am  un¬ 
aware  of  it.  The  practice  still  exists,  however,  in  the  United  States  at 
Nevada,  Mo.,  and  Wenona,  Ill.,  where  shelf  burners  are  set  above  the  dis¬ 
tillation  furnaces.  The  distillation  furnaces  have  single  combustion  cham¬ 
bers,  i.e.,  only  one  brigade  of  retorts,  and  face  in  opposite  directions  with  a 
distance  between  their  back  walls  corresponding  to  the  width  of  the  roasting 
kiln.  An  arch  springs  from  the  back  walls  of  a  pair  of  furnaces  and  on 
that  is  erected  a  block  of  shelf  burners  like  that  shown  in  Figs.  31  and  32 
without  the  cellars  for  roasted  ore,  which  in  this  case  is  dropped  through 
chutes  in  the  supporting  arch  to  the  floor  between  the  distillation  furnaces. 
The  roasting  furnace  has  a  central  chimney  and  the  distillation  furnaces 
each  have  two  independent  chimneys,  the  system  of  flues  being  so  arranged 
that  by  an  adjustment  of  dampers  the  products  of  combustion  from  the 
distillation  furnaces  can  be  discharged  through  the  roasting  furnace  or 
directly  into  their  own  chimneys,  which  to  a  certain  extent  permits  of  a 
control  over  the  firing. 

The  system  of  heating  a  roasting  furnace  by  the  flames  discharged  from 
a  distillation  furnace  is  to  be  condemned  on  several  grounds.  In  the  first 
place,  both  roasting  and  distillation  are  delicate  operations  in  which  a  care- 
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ful  adjustment  of  temperature  is  required  and  in  distillation  especially, 
tuL  adjustment  uj.  i  reauirements  vary  considerably 

whicli  is  an  intermit  ten  °Fra^  ’  processes  0f  roasting  and  distillation  do 
at  different  stage,  Inasmuch  asthe proe^  ^  *  the  heat 

not  march  together  m  that  respect,  it  is  next  tu  a  i  f 

"distillation  furnace  to  that  needed  in  the  roasting  furn  ce  r  vice 
versa,  and  one  of  the  processes  must  suffer,  or  what  is  more  likely  both  will 
suffer,  In  the  second  place,  the  questions  of  air  supply,  gas  velocity  avoid¬ 
ance  of  flue  dust  and  loss  of  zinc  by  volatilization  are  even  less  under  con¬ 
trol  than  in  a  reverberatory  furnace  which  is  fired  directly  As  cleverly  as 
the  roasting  furnaces  are  operated  with  the  distillation  furnaces  at  sonic 
places,  with  the  advantage  of  long  experience  and  intelligent  supervision 
the  results  as  to  degree  of  desulphurization  in  the  roasting  furnaces  and 
percentage  of  recovery  of  metal  in  distillation  arc  inferior  to  those  obtained 
elsewhere,  with  the  same  ores  and  same  management  from  independent  fur¬ 
naces,  and  more  than  offset  the  economy  in  fuel,  which  is  not  equivalent  to 
the  consumption  of  a  separate  roasting  furnace,  because  more  coal  is  burned 
on  the  distillation  furnace  grates  than  if  retorts  only  were  to  be  heated. 
There  is  an  enormous  waste  of  heat  from  any  simple  distillation  furnace, 
it  is  to  be  conceded,  but  such  waste  heat  is  utilized  better  by  restoring  it  to 
the  distillation  furnace  itself,  in  the  form  of  hot  air,  than  by  employing  it 
for  another  purpose,  which  in  all  probability  will  interfere  with  the  process 
of  distillation  and  jeopardize  the  recovery  of  zinc  that  is  the  prime  object  of 
that  process. 

Capacity  of  Roasting  Furnaces. — The  capacity  of  roasting  furnaces  of 
all  types  is  governed  by  the  same  principles.  These  are  the  quantity  of 
ore  exposed  to  free  oxidation  and  the  rapidity  with  which  oxidation  can  be 
effected.  Different  types  of  furnaces  vary  in  their  manner  of  meeting  these 
principles,  but  to  a  much  less  extent  than  is  commonly  supposed.  In  other 
words,  the  simplest  hand  raked  reverberatory  furnace,  given  the  same  ore, 
may  do  as  efficient  work  in  desulphurization  as  the  most  improved  mechani¬ 
cal  furnace;  the  advantage  of  the  latter  is  chiefly  in  its  economy  of  labor. 
A  ice  versa,  a  well  designed  mechanical  furnace  of  any  type  should  do  as 
good  work  as  a  hand  raked  furnace. 

1  he  rapidity  with  which  blende  can  he  burned  depends  greatlv  upon  hf 
fineness  of  subdivision.  The  finer  it  is  the  more  rapidly  will  it  burn,  assum¬ 
ing  that  air  he  given  proper  access  to  the  particles,  just  as  fine  coal  on  a 
grate  vill  burn  more  quieklv  than  the  large  lumps,  which  continue  to 
smoulder  for  a  long  time.  Technical  reasons,  however,  prohibit  crushing 
the  blende  finer  than  1  mm.  and  the  material  to  be  roasted  is  usuallv  reduced 
only  to  about  2  mm.  in  size.  The  rate  of  roasting  will  depend  then  upon 
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the  aggregate  surface  of  the  mineral  particles  exposed  to  free  oxidation  and 
the  presentation  of  fresh.  particles  as  soon  as  those  oil  top  hare  been  burned 
out.  1  he  latter  consideration  is  the  care  of  the  roaster-man  in  a  hand 
raked  furnace ,  and  of  the  metallurgist  in  one  which  is  raked  mechanically, 
it  being  assumed  that  the  operation  of  the  rakes  once  having  been  properly 
adjusted  for  a  particular  ore  will  ever  afterward  be  correct.  The  great 
factor  in  determining  the  capacity  of  a  furnace  is  therefore  the  hearth  area. 
All  other  conditions  being  the  same  a  furnace  of  2000  sq.  ft.  of  hearth 
should  roast  twice  as  much  ore  per  2d  hours  as  one  of  only  1000  sq.  ft. 
In  assuming  that  conditions  are  the  same  in  each  case,  it  is  implied  that  the 
ore  remains  an  equal  length  of  time  in  the  furnace  and  is  turned  over  with 
equal  frequency,  upon  which  of  course  the  degree  of  desulphurization  also 
depends.  It  is  obvious  that  a  furnace  with  six  hearths,  each  8X8  ft.,  from 
which  a  charge  occupying  one  hearth  is  drawn  every  eight  hours  will  roast 
no  more  ore  than  a  furnace  of  only  four  hearths  of  the  same  dimensions, 
but  in  the  former  case  the  ore  will  have  been  in  the  furnace  48  hours  and 
in  the  latter  case  only  32  hours.  In  each  case  three  charges  of  the  same 
weight  would  be  withdrawn  per  24  hours.  The  ore  that  had  been  48  hours 
in  the  furnace  would  presumably  be  more  completely  desulphurized,  al¬ 
though  the  gain  might  not  be  sufficient  to  compensate  for  the  additional 
time.  If,  however,  the  furnace  of  six  hearths  be  drawn  every  six  hours, 
there  will  be  obtained  four  charges  per  24  hours  instead  of  three,  and  the 
ore  will  have  been  30  hours  in  the  furnace,  but  in  getting  this  greater  output 
more  labor  will  be  required,  because  if  one  man  has  all  that  he  can  do  to 
attend  properly  to  a  certain  number  of  hearths,  or  square  feet  of  hearth  area, 
he  cannot  be  expected  to  obtain  the  same  efficiency  from  an  additional  sur¬ 
face.  Hearth  area,  labor  and  time  are  therefore  correlative  in  determining 
the  capacity  of  a  furnace.  The  time  is  dependent  upon  the  character  of  the 
ore,  its  fineness  of  subdivision,  the  thickness  of  the  bed  lying  on  the  hearth, 
the  degree  of  desulphurization  that  is  desired,  the  regulation  of  the  air 
supply  and  the  maintenance  of  the  requisite  temperature. 

In  roasting  blende  of  1  to  2  mm.  size,  it  is  usually  spread  over  the  hearth 
of  the  furnace  in  a  bed  from  2  to  4  in.  thick.  In  mechanical  furnaces  the 
ore  is  fed  and  moved  ahead  continuously.  In  hand  raked  furnaces  it  is 
dropped  on  the  first  hearth  in  large  charges  at  intervals  of  several  hours. 
When  a  charge  on  the  lowest  hearth  is  drawn  the  ore  on  the  hearths  above 
is  moved  forward  one  step,  thereby  leaving  room  for  a  fresh  charge  on  the 
first  hearth.  Bv  “hearth”  is  meant  here  the  working  unit  of  the  furnace. 
Thus  a  long  reverberatory  may  be  divided  by  imaginary  lines  or  by  actual 
steps  into  four  hearths;  similarly  each  floor  of  a  double  reverberatory  may 


gg  metallurgy  of  zinc. 

to  divided  into  two  hearths.  The  ore  is  permitted  to  remain  in  the  furnace 
from  15  to  30  hours.  It  is  a  common  practice  to  draw  a  charge  ever,  eight 
hours;  if  the  furnace  has  four  hearths  the  ore  in  that  case  remains  in  it  32 
hours  Six  hearth  furnaces  are  generally  discharged  every  six  hours  the 
ore  having  been  roasting  for  36  hours.  Sometimes  furnaces  with  two 
floors  are  drawn  every  12  hours,  the  ore  roasting  for  24  hours.  In  l  pper 
Silesia  the  ore  is  roasted  for  only  15  hours;  a  two-hearth  reverberatory  con¬ 
tains  three  charges  at  the  same  time;  at  the  end  of  five  hours  a  charge  is 
moved  forward  to  the  second  division  of  the  upper  hearth ;  five  hours  later 
it  is  dropped  to  the  lower  hearth  and  spread  out  over  the  whole  of  the  latter, 
the  bed  of  ore  being  consequently  only  half  as  thick  as  on  the  upper  hearth. 
It  is  the  most  common  practice,  both  in  Europe  and  America,  to  charge 
every  six  or  eight  hours,  leaving  the  ore  in  the  furnace  32  or  3C>  hours. 
During  the  intervals  the  ore  is  raked  every  15  to  30  minutes,  lhe  fre¬ 
quency  of  raking  will  depend  of  course  a  great  deal  upon  the  number  of 
square  feet  of  hearth  that  the  operator  has  to  attend  to. 

In  the  following  chapter  some  results  obtained  practically  in  the  roasting 
of  blende  in  hand  raked  reverberatory  furnaces  are  recorded.  The  data  are 
unfortunately  insufficient  to  enable  a  conclusive  analysis,  but  it  may  be 
safely  assumed  that  the  ores  roasted  contain  generally  from  25  to  30%  S, 
that  they  are  in  most  cases  crushed  to  between  1*5  and  2  mm.  in  size,  and 
that  they  are  burned  down  to  approximately  1%  S.  Disregarding  the  dif¬ 
ference  in  the  rate  of  burning  of  various  blendes  and  considering  the 
chances  of  inaccuracy  in  some  of  the  data  gathered  from  numerous  publica¬ 
tions,  it  appears  that  the  product  of  the  number  of  square  feet  of  hearth 
attended  by  one  man  and  the  pounds  of  raw  ore  roasted  per  square  foot 
per  24  hours  does  not  vary  much,  as  appears  in  the  following  table: 


Place. 

Sq.  ft.  Pounds  per  Product 
per  Man.  sq.ft.  in  pounds. 

Ammeberg... 
Weir . 

224  X  25  -  5  6-0 

X  1 5  =  5  000 

l.*~  X  54  =  5  5o2 

512  X  11  —  5,652 

Lipine . 

Pittsburg. . . . 

,t|Tt  !w°T  ,  T'me  H!at  tlu!  morc  arca  of  h™rth  a  man  is  required  b 
atteul  t°,  the  loss  frequently  will  the  ore  on  any  square  foot  of  it  be  turn® 

h  A  T  T'8'  10  °"’Cr  '>C  t,lc  pffl«<'ncy  per  square  foot  o 

hearth.  In  no  other  wav  can  tho  ermof  „ 

t  p  cat  discrepancies  in  the  onantitv  of  or 

roasted  per  square  foot  of  hearth  ir  nWwi  f  .  '  • 

i  m  arm,  as  reported  from  various  places,  be  satis 
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factorily  explained.  It  would  appear  to  be  a  safe  basis  for  calculation,  in 
connection  with  hand  raked  reverberatory  furnaces,  fired  with  coal,  that 
with  500  sq.  ft.  of  hearth  per  man  the  quantity  of  ore  roasted  per  square 
foot  per  24  hours  will  be  about  10  lb. ;  with  333-3  sq.  ft.  per  man,  about 
15  lb. ;  and  with  250  sq.  ft.  per  man,  about  20  lb.  This  is  equivalent  to 
saying  that  one  man  per  shift  of  12  hours  can  roast  about  2500  lb.  of  ore, 
irrespective  of  the  hearth  area,  within  the  limits  mentioned.  It  appears, 
however,  that  with  the  use  of  natural  gas  as  fuel  one  man  attending  to  500 
sq.  ft.  of  hearth  can  roast  at  the  rate  of  20  lb.  per  sq.  ft.,  which  also  seems 
to  be  approximately  the  rate  of  the  mechanical  furnaces  which  are  employed 
in  the  United  States. 

Loss  of  Weight  in  Koasting. — A  sulphide  ore  suffers  a  loss  of  weight 
in  roasting,  which  is  generally  proportional  to  its  tenor  in  sulphur,  because 
oxygen  (which  is  an  element  of  a  lower  atomic  weight)  is  substituted  for 
the  sulphur.  In  so  far  as  the  metallic  sulphides  are  converted  into  sul¬ 
phates,  however,  there  is  an  increase  in  weight.  The  actual  loss  in  weight 
which  an  ore  will  experience  can  be  determined  only  by  experiment,  but  the 
approximate  result  can  be  calculated  from  the  analysis  of  the  raw  ore. 

For  example,  assume  an  ore  assaying  G0%  Zn,  29-36%  S  and  10-64% 
Si02.  One  metric  ton  of  the  ore  would  contain  600  kg.  of  zinc,  293-6  kg. 
of  sulphur  and  106-4  kg.  of  silica,  or  expressed  mineralogieally  893-6  kg.  of 
blende  and  106-4  kg.  of  quartz.  If  this  ore  were  burned  completely,  the 
sulphur  being  entirely  eliminated  and  its  place  taken  by  oxygen,  the  600  kg. 
of  zinc-  would  be  combined  with  146-8  kg.  of  oxygen  instead  of  293-6  kg. 
of  sulphur.  The  weight  of  the  zinc  oxide  would  be  746-8  kg.  The  quartz 
would  undergo  no  change,  so  the  weight  of  the  roasted  ore  would  be  746-8 
kg.-(-106-4  kg.=853-2  kg.  The  loss  of  weight  would  be  1000  kg.-  — 853-2 
kg.=146-8  kg.=14-68%.  The  percentage  of  zinc  in  the  roasted  ore  would 
be  G00-f-853*2=70-32. 

In  the  case  of  so  simple  an  ore  as  that  estimated  above,  the  loss  in  weight 
by  a  complete  roasting  will  always  be  one  half  the  tenor  of  sulphur.  Thus 
if  the  ore  assay  50%  Zn  and  24-46%  S,  the  remainder  being  quartz,  the 
loss  in  weight  will  be  0-5X24-46=12-23%;  and  an  ore  assaying  40%  Zn 
and  19-57%  S  will  lose  0-5X19-57=9-785%  in  weight.1 

Practically  the  sulphur  is  never  completely  eliminated  from  an  ore. 
Assuming  that  in  the  case  of  the  ore  assaying  60%  Zn,  29-36%  S  and 
10-64%  Si02,  a  half  unit  of  the  sulphur  fails  to  be  burned  off,  the  com¬ 
position  of  the  ore  after  roasting  will  be  as  follows: 

1  These  percentages  are  calculated  on  the  assumption  that  the  atomic  weight  of  oxygen  is 

1(5,  sulphur  32,  and  zinc  65*4. 


00 
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5-00  ks.  s  combined  with  10  -0  kg.  /  i 
589  74  kg.  Zn  ~  I44  20  k«-  u 

Unaltered  silica . 


Weight  of  roasted  ore 
Loss  of  weight . 


1.720  kg.  ZnS 
734*00  kg.  ZnO 
106*40  kg.  JSiOa 


855*66  kg. 
144*34  kg. 


Weight  of  raw  ore . 

Percentage  of  zinc  in  roasted  ore. 
Percentage  of  sulphur  in  roasted  ore. 


. . .  =  1000*00  kg. 

.600  -i-  85.706  =  70*12 
5  -r-  855*66  =  0*58 


The  retention  of  so  small  a  quantity  of  sulphur  as  a  hall  unit  does  not 
materially  affect  the  loss  in  weight. 

Generally  zinc  sulphide  ores  contain,  besides  blende  and  quartz,  small 
quantities  of  ferrous  monosulphide  isomorpbous  with  the  blende,  also, 
pyrite,  galena,  calcite  and  dolomite,  all  ol  which  are  changed  by  roasting. 
If  sulphur  and  carbonic  anhydride  be  completely  eliminated : 


1  kg.  FeS  becomes  0  909  kg.  Fe„03 
1  kg.  FeS2  “  0-0(57  kg.  •• 

1  kg.  PbS  “  1-268  kg.  PbS04 

1  kg.  CaC03  “  0-5G0  kg.  CaO 

1  kg.  MgCOj  “  0-476  kg.  MgO 


Upon  the  sulphur  combined  with  zinc  there  is  a  loss  of  weight  of  one 
half ;  upon  that  combined  with  iron  as  FeS,  one  quarter ;  upon  that  com¬ 
bined  with  iron  as  FeS.,,  five  eighths ;  the  sulphur  combined  with  lead  on 
the  other  hand  leads  to  a  threefold  increase  in  weight.  The  loss  in  weight 
of  a  mixed  sulphide  ore  can  be  easily  approximated  from  these  data. 

Given  an  ore  assaying  45%  Zn.  10%  Fe,  6%  Pb,  32-10%  S  and  li-9% 
SiOz.  The  lead  requires  0-93%  S  to  exist  as  PbS;  and  the  zinc  22-02rr 
for  ZnS.  This  leaves  9-15%  S,  which  must  be  combined  with  the  iron. 
If  the  iron  were  all  present  as  monosulphide  only  5-71%  would  be  required, 
wherefore  it  is  evident  that  9-15 -5-72=3-43%  S  must  be  with  iron  as  an 
extra  atom,  i.e.,  there  must  be  6-86%  S  in  the  form  of  FeS2  and  9-15- 
(cSO  2-29%  in  the  form  of  FeS.  The  composition  of  the  ore  before  and 
after  roasting,  assuming  the  latter  to  be  complete,  will  be  as  follows: 


Composition  of  Iiaw  Ore. 


-Mineralogical 
67*02%  ZnS 
6*93% 
6*29% 
12*86% 
690% 


PbS 

FeS 

FeS2 

Si02 


100*00 


-Chomical- 


45%  Zn  4  22*02%  S 
6%  Pb  4*  *93  “ 

4%  Fe  4-  2*29 

6%  Fe  +  6*86  “ 
6*9%  SiOs 


67*90 


-100*00- 


32*10 


Factor  a 

Roasted  Ore 

0*500 

450  +  11  01b 

3*000 

6-0  !  2'79<- 

0*750 

4-0  +  l'72b 

0*375 

6  0  +  257  b 

69 

67-90  1809 

- - 8599 - 

NU<*  h  Oxygen,  c  SO*. 


ox.vge 
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The  loss  of  weight  is  therefore  100 -85-99=14-01%.  The  percentage 
composition  of  the  roasted  ore  is  calculated  by  dividing  the  weight  in  kilo¬ 
grams  of  its  constituents  by  859-9. 

Loss  of  Zinc  in  Roasting. — Loss  of  zinc  may  occur  in  roasting  in  two 
ways:  (1)  By  volatilization;  (2)  by  the  production  of  dust  which  is  car¬ 
ried  away  b}r  the  draught.  The  metal  which  is  lost  in  the  former  way  can¬ 
not  he  recovered,  at  least  not  economically ;  that  which  is-  lost  in  the  latter 
way  can  be  largely  regained  by  causing  the  dust-laden  gas  to  pass  through 
a  dust-settling  chamber  of  suitable  design  and  dimensions. 

Fume. — The  loss  of  zinc  as  fume  in  roasting  blende  in  reverberatory  fur¬ 
naces  is  due  partly  to  the  direct  volatilization  of  zinc  sulphide  and  oxide, 
which,  according  to  experiments  of  Percy1  and  Stahlschmidt,2  are  per¬ 
ceptibly  volatile  at  high  temperatures,  and  partly  to  the  reduction  of  zinc 
oxide,  formed  from  the  blende,  by  solid  carbon  (soot)  and  carbon  monoxide 
in  the  gases  of  combustion  passing  over  the  ore.  There  is  evidence  that  the 
reduction  of  zinc  oxide  may  begin  at  a  temperature  below  the  boiling  point 
of  zinc,  which  is  a  good  deal  below  the  maximum  frequently  attained  in 
the  furnace  roasting  blende.  The  zinc  vapor  thus  produced  is  carried  otf 
and  is  immediately  reoxidized  by  the  carbon  dioxide  and  excess  of  air 
present  in  the  gases  of  combustion.  This  fume  cannot  be  settled  in  any 
ordinary  system  of  dust  chambers  and  is  lost  through  the  chimney.  The 
roofs  of  roasting  furnace  buildings  often  show  a  white  coating  of  zinc  oxide, 
which  has  been  deposited  from  the  fume  dispersed  into  the  atmosphere. 

If  the  temperature  in  the  roasting  furnace  does  not  much  exceed  900°  C. 
the  loss  of  zinc  by  the  direct  volatilization  of  sulphide  and  oxide  is  com¬ 
paratively  slight.  The  loss  by  reduction  and  volatilization  is  more  to  be 
feared,  since  that  may  begin  at  900°  C.,  or  a  few  degrees  higher.3  It  follows 
therefore  that  the  loss  of  zinc  is  likely  to  be  higher  in  roasting  in  reverbera¬ 
tory  furnaces,  in  which  the  ore  is  directly  exposed  to  the  gases  from  the 
fireplace,  than  in  muffle  furnaces  wherein  no  carbonaceous  material  comes 
in  contact  with  the  oxidized  ore.  In  either  type  of  furnace  the  loss  is 
minimized  by  a  careful  regulation  of  the  temperature. 

Dusl. — The  loss  of  zinc  as  dust  is  purely  mechanical,  arising  from  the 
fine  particles  of  ore  which  are  carried  off  by  the  draught  especially  during 
stirring  of  the  ore  and  when  it  is  fed  into  the  furnace.  This  loss  is  also 
higher  in  reverberatory  furnaces  than  in  muffle  furnaces,  since  there  is  a 
much  greater  volume  of  gas  to  be  carried  over  the  hearth  of  the  former,  and 

'Metallurgy,  edition  of  1801.  p.  r»40.  on  cod  in  blende  roasting  was  investigated  by 

5  Berg-  u.  niittenm.  Ztg..  1875.  p.  00.  Ilasenclever  (Berg-  u.  Iliittenm.  Ztg.,  18<5, 

“Refer  to  p.  108.  The  loss  by  reduction  p.  00). 
volatilization  which  is  actually  expert- 
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although  the  cross  section  of  the  roasting  chamber  is  always  made  larger 
than  in  muffle  furnaces  the  velocity  of  the  gas  is  nevertheless  likely  to  be 
greater.  In  reverberatory  furnaces,  moreover,  the  ore-feed  is  showered  on 
the  hearth  directly  in  the  stream  of  escaping  gas,  while  in  muffle  furnaces 
the  gas  is  usually  taken  off  a  little  in  advance  of  the  ore-feeding  opening. 
It  is  obvious  that  in  either  type  of  furnace  the  production  of  dust  will  be 
greater  the  finer  is  the  material  to  be  roasted. 

The  dust  carried  over  from  a  roasting  furnace  can  be  recovered  to  a  large 
extent  by  settling  in  outside  dust  chambers,  the  efficiency  of  which  depends 
upon  the  degree  to  which  the  velocity  of  the  gas,  by  which  the  dust  is 
entrained,  is  checked,  together  with  the  extent  and  nature  of  the  surfaces 
to  which  it  is  exposed.  The  requisite  retardation  of  the  current  is  accom¬ 
plished  by  turning  it  through  a  chamber  of  such  increased  sectional  area 
that  the  volume  of  gas  exhausted  from  the  furnace  will  travel  through  it 
at  a  much  diminished  velocity  (the  action  of  the  dust  chamber  correspond¬ 
ing  to  that  of  a  lake  into  which  a  river  flows  at  one  end  and  out  at  the 
other,  much  of  the  silt  carried  into  the  lake  being  deposited  in  its  quiet 
water) ;  or  by  diminishing  the  velocity  of  the  current  by  friction,  either  by 
increasing  the  length  of  the  flue  or  bv  exposing  a  greatly  increased  surface 
to  the  dust-laden  gas,  as  is  done  by  the  system  of  Freudenberg  plates.  The 
system  of  filtration  through  woolen  bags,  which  is  applied  to  certain  kinds 
of  smelting  furnaces,  is  inapplicable  to  roasting  furnaces,  even  after  cooling 
the  gas,  because  of  the  sulphuric  anhydride  which  is  always  present  in  it 
and  would  soon  destroy  the  bags. 

Design  anil  Proportions  of  Dust  Chambers . — Dust  chambers  arc  fre¬ 
quently  to  be  seen  in  which  the  gas  is  made  to  pursue  a  zigzag  course,  over 
one  partition  and  under  the  next  one.  This  is  wrong  in  theory  and  in* 
efficient  in  practice.  Instead  of  a  placid  lake  of  almost  stagnant  gas,  in 
which  the  dust  can  settle  quietly  into  a  compartment  where  there  is  n° 
draught  at  all,  there  is  in  a  zigzag  flue  a  fierce  draught  that  sweeps  tlw 
dust  along  with  it  and  the  only  chance  that  the  latter  has  to  settle  is  what  b 
afforded  by  the  retardation  in  the  velocity  of  the  current  because  of  thl 
increased  friction  due  to  its  labyrinthine  channel  and  the  acceleration  by 
gravity  of  the  hoa\ier  ore  particles  when  projected  downward,  which  having 
been  thus  deposited  may  escape  being  taken  up  again  by  the  draught. 

Leaving  out  of  consideration  the  costly  systems  of  Freudenberg  pl«teS’ 
Foesing  wires,  etc.,  the  simplest  and  most  effective  dust  chamber  is  *n 
enlarged  flue,  with  transverse  walls  risimr  one  or  two  feet  above  the  floor 
to  prevent  the  deposited  dust  from  drifting  a  Ion"  the  latter.  Between  the 
upper  edges  of  those  walls  and  the  arch  of  the  flue  there  must  be  a  sufficient 
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vertical  sectional  area  to  permit  the  gas  to  move  slowly.  The  dust  particles 
drop  out  of  the  gas  according  to  their  weight  into  the  compartments  in  the 
bottom  of  the  Hue,  where  there  is  no  current  at  all  and  they  remain  undis¬ 
turbed  until  removed  through  doors  in  the  sides.  If  desired  the  floor  of 
the  dust  chamber  may  be  made  A  shape,  so  that  the  dust  will  discharge 
directly  into  a  car  alongside,  but  since  that  increases  the  cost  of  the  dust 
chamber,  reduces  the  capacity  of  the  dead  compartments  and  even  in  large 
works  the  quantity  of  dust  to  be  handled  in  tons  is  not  very  great,  the  flat 
floor  built  directly  on  the  ground  is  on  the  whole  the  preferable  arrangement. 

The  dimensions  which  a  dust  flue  should  have  are  readily  determined 
approximately  from  the  volume  of  gas  that  must  pass  through  it,  the  method 
of  computing  which  lias  been  described  in  a  previous  section  of  this  chapter. 
It  was  estimated  there  that  the  sulphurous  gas  from  a  muffle  furnace  might 
under  certain  conditions  of  practice  amount  to  122,000  cu.  ft.  at  0  C.  per 
ton  of  ore  assaying  00%  Zn  and  30%  S.  The  volume  of  gases  is  propor¬ 
tional  to  their  absolute  temperature,  which  is  expressed  by  the  formula 


v. 
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T 

t 


The  absolute  temperature  on  the  centigrade  scale  is  273  .  If  the  gas 
were  discharged  from  the  furnace  at  500°  C.,  T  would  be  773  (  .  and  t  being 
273°  C.  the  volume  of  the  escaping  gas  would  be  (773-j-273)  X  122,000= 
345,200  cu.  ft.  A  furnace  roasting  10  tons  of  ore  per  24  hours  would 
therefore  discharge  3,452,000  cu.  ft.  of  gas  at  5<>0  O.  The  discharge  pir 
minute  would  be  3,452,600H-1440=approx.  2400  cu.  ft.=40  cu.  ft.  per  sec¬ 
ond.  Assuming  that  the  dust  will  settle  quickly  from  a  current  of  4  ft. 
per  second,  which  is  only  one  third  the  velocity  corresponding  to  a  light 
draught  on  Beaufort’s  scale,1  the  dust  chamber  must  ha\e  a  fret  area  in 

vertical  cross-section  of  40-^4=10  sq.  ft. 

In  roasting  10  tons  of  ore  per  day  in  a  reverberatory  furnace  the  volume 
of  combustion  products  at  0°  would  be  10X340,000  3,400,000  cu.  it., 

which  at  500°  C.  would  be  (773-5-273)  X3,400, 000=9, 622, 000  cu.  ft.= 
approx.  112  cu.  ft.  per  second.  In  order  to  permit  that  volume  of  gas  to 
pass  at  a  velocity  of  4  ft.  per  second  it  would  have  to  he  given  a  free  cross- 
sectional  area  of  112-5-4=28  sq.  ft.  Tf  the  temperature  of  the  gas  were 


1  Four  foot  por  second— a  little  loss  than 
throe  miles  per  hour.  Dust  will  settle 
nulekly  from  a  current  of  that  low  velocity. 
Dr.  M.  W.  lies,  who  has  devoted  much  study 
to  this  problem,  recommends  in  his  recently 
Published  treatise  on  Lend  Smelting,  p.  Lr>o, 
that  dust  chambers  should  be  designed  for 


a  velocity  of  200  to  400  ft.  per  minute  (3*33 
to  6*67  ft.  per  second),  and  the  upper  limit 
should  never  be  exceeded.  Having  especial 
reference  to  lead  smelting  practice  he  re¬ 
marks  that  dust  flues  are  seldom  constructed 
large  enough.  In  acid  works  the  flues  are 
often  designed  for  very  low  velocities. 


IV. 


ROASTING  FURNACES. 

In  roasting  zinc  blende  the  same  kinds  of  furnaces  are  available  as  for 
other  sulphide  fines,  and  probably  a  greater  variety  is  in  use  for  that  pur¬ 
pose  at  the  present  time  than  in  any  other  branch  of  metallurgy,  while  there 
are  numerous  furnaces  that  are  not  now  employed  for  blende  roasting 
which  are  possibly  adaptable  to  that  purpose.  For  this  reason  some  of 
the  more  modern  which  have  not  yet  been  used  by  zinc  smelters  will  be 
described  herein,  together  with  those  which  have  been.  The  diversity  in  the 
mechanical  furnaces  in  use  in  the  I  nited  States  is  due  to  the  fact  that  most 
of  them  are  patented  and  the  patentees  have  sold  territorial  rights  to  certain 
zinc  smelters,  which  has  prevented  any  one  furnace  from  coming  generally 
into  use,  and  for  the  more  part  has  limited  the  use  of  each  type  of  furnace 
to  one  smelter.  Disregarding  heaps  and  stalls,  which  are  seldom  employed 
nowadays,  the  roasting  furnaces  in  use  for  desulphurizing  blende,  together 
with  a  few  which  are  perhaps  adaptable  to  the  purpose  but  have  not  yet  been 
applied  to  it,  are  most  conveniently  classified  as  follows : 

I  Shaft  furnaces. 

a  Kilns  and  burners,  suitable  only  for  lump  ore. 
b  Gerstenhdfer  kilns,  suitable  for  fine  ore. 

II  Reverberatory  furnaces. 

a  Raked  by  hand. 

1  Furnaces  with  one  long  hearth  ('Fortschaufelungsbfen) . 

2  Furnaces  with  two  superimposed  hearths  (Freibergerbfen) 

3  Furnaces  with  more  than  two  superimposed  hearths. 

&  Raked  mechanically. 

1  Furnaces  with  stationary  hearths. 

2  Furnaces  with  movable  hearths,  other  than  revolving  cylinders. 

3  Revolving  cylinders. 
c  Automatic  furnaces. 

III  Muffle  furnaces.  "'j  (including  furnaces  used  for  burning  pyrites  for  sul¬ 

ci  Raked  by  hand.  I  phuric  acid  manufacture,  which  are  commonly  run 

b  'Raked  mechanically,  j  without  extraneous  firing,  but  can  be  readily  converted 
c  Revolving  cylinders,  j  into  muffle  furnaces.) 

There  are  some  furnaces  in  which  the  principles  of  two  or  more  types  are 
combined,  for  example,  hand-raked  furnaces  with  two  lon^  hearths  of  which 

ft 
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the  upper  is  a  muffle  and  the  lower  a  reverberatory.  The  Hasenclever  & 
Ilelbig  furnace  was  a  combined  muffle  and  reverberatory,  while  the  move¬ 
ment  of  the  ore  through  it  was  effected  partly  by  hand  raking  and  partly 
automatically  by  gravity. 

Roasting  in  Heaps  and  Stalls. — Zinc  blende  was  partially  desul¬ 
phurized  at  certain  places  in  the  past  by  roasting  in  heaps  and  stalls,  but  at 
present  there  is  no  place  where  that  is  done  except  at  Langelsheim  and  Ast- 
feld  in  the  Lower  Harz,  Germany,  where  the  mixed  sulphide  ore  (blende, 
galena  and  pyrite)  of  the  Rammelsberg  is  roasted  in  heaps  to  convert  the 
zinc  sulphide  into  sulphate,  which  is  then  removed  by  lixiviation.  This 
process  is  described  in  Chapter  XIX. 

In  roasting  a  mixture  of  blende  and  pyrite  in  heaps  or  stalls  the  oxidation 
of  the  former  is  assisted  by  the  heat  generated  by  the  freely  burning  pyrite, 
but  even  then  the  process  is  very  incomplete  in  so  far  as  the  blende  is  con¬ 
cerned,  because  the  fragments  of  that  mineral  soon  become  coated  with  a 
crust  of  oxide  and  sulphate,  of  which  a  very  thin  shell  checks  further  com¬ 
bustion  and  the  product  of  a  stall  in  which  the  pyrites  has  been  well  burned 
will  show  the  fragments  of  blende  with  large  kernels  of  unaltered  sulphide. 
By  breaking  the  blende  to  a  comparatively  small  size  before  charging  into 
the  stall  the  oxidation  Can  be  naturally  carried  further,  and  I  have  in  that 
manner  succeeded  in  burning  blende,  mixed  with  pyrite,  to  a  sufficient  extent 
to  permit  the  mixture  to  be  run  successfully  in  a  matte  smelting  blast  fur¬ 
nace,  the  slag  made  being  high  in  ZnO,  while  the  quantity  of  raw  blende 
left  in  the  ore  when  roasted  in  large  pieces  was  too  great  to  make  smelting 
feasible. 

Zinc  blende  alone  cannot  be  successfully  burned  in  stalls.  After  the 
charge  is  fired  with  a  small  quantity  of  split  wood,  in  the  usual  manner  of 
starting  a  stall  roast,  the  blende  will  bum  actively  for  a  day  or  two  and 
will  then  gradually  die  out  and  after  smoldering  feebly  for  several  days 
combustion  will  cease  entirely.  Upon  discharging  the  stall  the  lumps  of 
blende  will  be  found  coated  with  white  and  gray  zinc  oxide  and  sulphate,  a 
good  deal  of  which  will  crumble  off  in  handling  the  material  and  can  be 
removed  by  screening.  The  lump  blende  if  recharged  into  the  stall  can 
bo  ignited  again  and  a  second  crust  of  zinc  oxide  and  sulphate  may  be 
formed,  and  by  repetition  of  the  process  a  good  deal  of  the  blende  may  be 
oxidized.  I  have  referred  to  Ibe  subject  at  this  length  because  the  roasting 
of  the  Rammelsberg  ore  in  the  Lower  Harz  is  conducted  in  that  manner, 
with  the  difference  that  it  is  done  in  heaps  and  the  ore  contains  pyrite. 

Blende  was  formerlv  roasted  in  Pennsylvania  in  heaps  of  8*5  m.  length, 
4-6  m.  width,  and  2-5  m.  height,  the  ore  being  supported  on  iron  bars,  below 
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which  a  wood  fire  was  maintained ;  the  desulphurization  was  completed  by 
crushing  the  heap  roasted  ore  and  calcining  in  a  reverberatory  furnace.1 
Stalls  fitted  with  movable  grate  bars  were  formerly  used  at  Letmathe,  in 
Westphalia,  for  burning  blende  from  Iserlohn,  the  roasting  being  finished 
in  a  reverberatory  furnace.  rlhe  stalls  were  loofed  and  the  roast  gas  was 
used  for  sulphuric  acid  manufacture.2  They  partook  rather  of  the  nature 
of  kilns  (q.  v.)  than  of  stalls  proper. 


Shaft  Furnaces. 

Shaft  furnaces,  which  as  a  class  comprise  kilns,  pyrites  burners  and 
Gerstenhofer  furnaces,  are  used  at  several  works  in  Europe  for  the  desul¬ 
phurization  of  blende  without  fuel,  but  their  action  is  incomplete  and  the 
roasting  has  to  be  finished  in  reverberatory  furnaces;  because  of  that  draw¬ 
back  the  employment  of  this  type  of  furnace  is  limited.  Kilns  can  be  used 
only  for  lump  ore;  pyrites  burners  will  burn  a  finer  size;  while  the  Gersten¬ 
hofer  and  similar  furnaces  are  adapted  only  to  fines. 

Kilns. — These  are  high  shaft  furnaces,  either  with  a  grate  or  a  saddle 
form  of  hearth.  It  is  doubtful  if  any  of  this  type  of  furnaces  is  to  be  seen 
in  use  for  blende  roasting  at  the  present  time  outside  of  Freiberg,  Saxony, 
and  certain  works  in  Upper  Silesia.  They  are  generally  rectangular  brick 
shafts  1*5  to  4-5  m.  in  height,  1  to  1*5  m.  in  width  and  1-5  to  2*5  m.  in 
length,  inside  measurements.  The  ore  having  been  ignited  burns  of  itself, 
but  the  combustion  will  rarely  continue  after  the  percentage  of  sulphur 
has  been  reduced  to  eight. 

Kilns  used  for  blende  roasting  at  Freiberg,  Saxony,  are  illustrated  in 
the  engravings  on  the  next  page,  which  require  no  special  explanation  be- 
yond  remarking  that  the  working  doors  in  the  front  and  back  servo  for  the 
admission  of  bars  to  keep  the  charge  of  ore  open  and  regulate  its  even 
descent;  the  flue  which  carries  off  the  sulphurous  anhydride  gas  leads  into 
a  larger  flue,  common  to  a  bench  of  kilns.  In  24  hours  each  kiln  of  the 
dimensions  shown  in  the  engravings  will  burn  down  to  8%  S  about  l-2 
metric  tons  of  ore  assaying  originally  30%  S.  The  roasted  ore  is  drawn 

four  times  during  the  24  hours.  It  is  crushed  and  roasted  further  in 
reverberatory  furnaces. 

BriiNKRs.— These  are  low.  grate-kilns,  such  as  are  frequently  employed 
for  burning  pyrites  for  sulphuric  acid  manufacture.  They  will  burn  blende 
o  .can  to  walnut  size  down  to  about  G  to  8%  S.  Probably  they  arc  to  be 

>Bersr- u.  HUttenm.  Ztg.,  1872.  p.  r,3.  p  0,1 
K  ’  0ruDdr,8S  dpr  Metallhttttenkunde,  p.  439. 
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found  nowhere  in  use  at  the  present  time  outside  of  those  works  in  Upper 
Silesia  which  make  sulphuric  acid. 

At  Lipine,  Upper  Silesia,  the  burners  are  square  shafts  of  1-25  m.  sides 
and  2-8  m.  height,  the  thickness  of  the  column  of  blende  over  the  grate 
being  only  0-4  m.  One  of  these  burners  will  in  24  hours  put  through  500 
l.g.  of  blende  assaying  25%  S  and  yield  a  product  with  10%  S,  the  roast 
gases  containing  G%  S02  by  volume.  One  man  attends  to  10  burners  per 
12-hour  shift,  and  there  are  26  burners  in  a  block.  At  the  Reckehiitte,  near 
Rosdzin,  in  Upper  Silesia,  the  burners  are  1  m.  square  and  2-5  m.  in  height, 


Scale  of  Meters 

Figs.  21  and  22.  Iviln  used  at  Freiberg,  Saxony. 

the  column  of  blende  over  the  grate  being  0-G  m.  The  blende  is  charged 
nut  size  and  with  a  sulphur  tenor  of  24  to  33%  In  24  hours  a  burner 

desulphurizes  350  kg.  down  to  7%  S,  while  the  ga»  con  ms  ^  .  2 

volume.  From  23  to  30  burners  are  united  in  a  block,  and  a  block  is  ma  - 
aged  by  two  roasters  and  two  helpers  per  day,  a  total  o  our nu  n*  '  1 
Lipine,  the  kiln-burned  ore  is  further  desulphurize!  in  re\er  era  or} 

Qerstenhofer  Kiln. — The  Gerstenliofer  kiln  L  tlu  onl\  ,  u‘ . 
sign  of  shaft  furnace  for  roasting  fine  ore  (blenc  e)  wi  iou  . 
essentially  a  shaft  5-5  to  G  m.  high  and  about  l-4X<h*  1U-  m  l011z  ‘ 

section,  which  is  filled  with  numerous  horizontal  bars  of  fire  brick,  set  st  g 

1  Rclinnbol,  Uandbuch  Hot  Metallhflttenkunde.  TI.  43. 
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gored,  as  shown  in  the  accompanying  engravings.  Commonly  there  are 
15  or  17  tiers  of  bars,  with  six  and  seven  alternately  in  a  tier,  lhe  ore, 
fed  into  the  shaft  through  holes  in  the  roof,  spreads  out  over  these  bars, 
slidin*  otr  at  an  angle  of  about  33°,  and  burns  with  the  air  admitted  through 
a  flue" leading  into  the  bottom  of  the  shaft.  As  more  ore  is  fed  in  at  the 
top  it  is  gradually  pushed  ott  from  the  lower  shelves  and  is  finally  deliv¬ 
ered  at  the  bottom  of  the  shaft  as  completely  burned  as  can  be  effected 


Figs.  23  and  21.  Gerstenhofee  Kiln. 

Fig.  23:  Transverse  vertical  section  and  front  elevation.  Fig.  24:  Longitudinal  vertical  section 

through  center. 


"  ithout  the  employment,  of  other  fuel.  The  movement  of  the  ore  goes  on 
continuously  according  to  the  rate  of  the  feed. 

There  are  various  forms  of  charging  apparatus  for  regulating  the  feed  of 
the  ore  and  avoiding  the  production  of  an  excessive  quantity  of  dust  when 
the  on  is  dropped  into  the  furnace.  Openings  are  arranged  in  the  front 
wall  to  remou  obstructions  to  the  passage  of  the  ore  and  insert  new  bars 
u  n  neeessan.  The  lower  part  of  the  shaft  must  also  he  arranged  with  n 
grate  to  heat  the  kiln  when  first  put  in  operation.  The  roasted  ore  may 
h  s  m\(  < i  rom  the  bottom,  or  it  may  be  made  to  fall  into  a  hopper  under 
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which  a  car  can  he  put,  or  it  may  be  discharged  continuously  by  some  simple 
mechanical  device.  At  the  host,  the  percentage  of  dust  escaping  from  the 
Gerstenhofer  kiln  is  high  and  the  sulphurous  gases  must  be  conducted 
through  a  dust  chamber  wherein  their  velocity  will  be  checked  sufficiently 
to  allow  as  much  as  possible  to  drop  out. 

The  Gerstenhofer  furnace  is  in  use  for  blonde  roasting  only  at  Freiberg, 
Saxony,  and  at  Swansea,  Wales.  Tn  the  most  favorable  cases  it  will  put 
through  1  to  1*2  metric  tons  of  ore  per  24  hours,  which  may  be  burned  as 


Fig.  25.  Gerstenhofer  Kiln  with  Fireplace  and  Mechanical 

Discharge. 


Dust  Chamber 


low  as  6%  S,  no  carbonaceous  fuel  being  used.  The  furnace  can  be  ar¬ 
ranged,  however,  with  a  fireplace  on  one  side  o£  the  shaft,  10m  " 
flames  draw  into  the  shaft  and  up  between  the  bars  of  the  at  er_  Wfih 
such  an  arrangement  the  ore  may  be  burned  down  to  1%  S,  but  the 
gases  are  of  course  impaired  for  sulphuric  acid  manu  ac  ure.  . 

In  putting  the  Gerstenhofer  furnace  in  operat.on,  15  or 1 ^ ^bar 
are  put  in  and  firing  is  begun  gently,  so  as  to  heat  gradually  and  P^vc 

the  shelves  from  cracking.  1  he  gases  he  furnace  has  been 

enter  the  flue  leading  to  the  lead  chambe  s.  i  ,•  j  until  it 

raised  to  bright  rod  heat,  feeding  is  begun,  firmg  be.ng 
is  observed  that  about  the  fourth  row  of  shelves  from  the  bottom* ^ 
ning  to  receive  ore;  the  grate  bars  ure  then  town  out.  ^ 
of  air  into  the  furnace  must  bo  earefu  -  ^  jt  downward. 

admitted  the  fire  creeps  up  in  the  sha  ,  laHprtoohot 

In  the  former  ease  the  furnace  is  too  cold,  and  m  the  latter  too  hot. 


~2  METALLURGY  of  zinc. 

Reverberatory  Furnaces. 

The  general  principles  governing  reverberatory  roasting  furnaces  were 
discussed  in  the  previous  chapter.  They  apply  equally  to  all  types  of  this 
class  of  furnace — hand  raked,  mechanically  raked,  revolving  cylinders  and 

automatic. 

Reverberatory  Furnaces ,  Raked  by  Hand. 

Reverberatory  furnaces,  raked  by  hand,  are  the  oldest  type  of  furnaces 
for  the  dead  roasting  of  fine  blende,  and  in  proportion  to  their  hearth 
area  (capacity)  they  are  the  cheapest  to  construct.  On  the  other  hand, 
they  are  much  less  economical  in  labor  than  are  mechanical  furnaces,  and 
as  compared  with  muffle  furnaces  their  sulphurous  gases  are  not  only  use¬ 
less  but  also  arc  a  nuisance;  the  laws  of  certain  countries  require  that 
such  gases  be  rendered  innocuous,  which  it  is  almost  always  costly  to  do. 
The  advantages  of  the  reverberatory  furnace,  worked  by  hand,  are  out¬ 
weighed  by  those  of  the  mechanical  and  muffle  furnaces,  and  consequently 
they  are  being  gradually  displaced,  although  they  are  still  extensively  in  use. 

Reverberatory  furnaces,  worked  by  hand,  may  he  built  with  one.  long 
hearth  (Fortschaufelungsofen),  with  two  hearths  ( Freibergerbfen,  Silesian 
furnaces,  etc.),  or  with  three  or  more  superimposed  hearths.  The  design 
of  the  various  types  is  governed  by  the  same  general  principles.  It  is  to  be 
remarked  that  the  reverberatory  furnace  with  a  single,  long  hearth  is  seldom 
used  for  blende  roasting,  the  two-hearth  furnace  being  most  generally 
employed  in  Europe  and  the  shelf  burners  in  the  United  States. 

General  Principles. — The  length  of  hearth  of  a  reverberatory  roasting 
furnace,  with  a  single  fireplace  at  one  end,  is  determined  primarily  bv  the 
capacity  of  the  ore  to  develop  heat  by  its  oxidation,  i.c.,  the  length  of  hearth 
that  may  be  advantageously  employed  depends  chiefly  upon  the  tenor  of 
sulphur  in  the  ore.  Peters  states,1  referring  especially  to  pyritous  ores, 
that  the  fire  on  the  grate  is  usually  incapable  of  maintaining  the  requisite 
temperature  for  more  than  30  to  35  ft.  beyond  the  bridge;  and  that  an  ore 
with  15%  S  will  furnish  only  enough  heat  for  a  hearth  32  ft.  long,  while 
with  20%  S  the  length  may  be  increased  to  48  ft.  and  with  25%  S  to  64  ft- 
Besides  the  generation  of  heat,  however,  an  important  consideration  is 
conservation,  which  appears  to  he  better  secured  in  the  double  hearth  fur¬ 
nace  than  in  the  single,  wherefore  the  total  hearth  length  of  the  former 
may  be  somewhat  greater  than  in  the  case  of  the  latter  The  experience  in 
roasting  blende  containing  25  to  30%  S  seems  to  have  prescribed  40  ft 

1  Modern  Copper  Smelting,  7th  ed„  p.  176. 
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(12  m.)  as  the  proper  length  for  a  single  hearth  furnace,  while  double 
hearth  furnaces  have  been  built  with  a  total  hearth  length  of  48  ft.  (about 
7-25  m.).  These  dimensions  are  considerably  exceeded  in  certain  muffle 
furnaces  (e.g.,  the  Rhenania),  in  which  the  heat  of  the  burning  sulphur 
is  carefully  conserved,  while  the  air  for  its  oxidation  is  more  or  less  pre¬ 
heated  and  only  a  comparatively  small  excess  is  admitted  into  the  roasting 
chamber.  The  width  of  a  reverberatory  roasting  furnace  is  governed  solely 
by  the  ability  of  the  operators  to  work  the  charge  in  proper  manner.  Ex¬ 
perience  has  shown  that  16  ft.  is  the  maximum  for  a  furnace  with  doors  on 
both  sides,  and  8  ft.  when  there  are  doors  on  only  one  side. 
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in  reverberatory  furnaces  with  good  coal,  like  the  Belgian  and  Westphalian, 
blende  assaying  approximately  25%  S  can  be  roasted  with  a  coal  consump¬ 
tion  of  not  more  than  25%  of  the  weight  of  the  raw  ore.  The  roasting 
of  2000  lb.  of  ore  would  then  require  500  lb.  of  coal,  which  if  burned  at 
the  rate  of  5  lb.  per  sq.  ft.  of  grate  per  hour  would  require  approximately 
4  sq.  ft.  of  grate.  If  the  ore  were  roasted  at  the  rate  of  20  lb.  per  sq.  ft. 
of  hearth  per  24  hours,  2000  lb.  of  ore  would  require  100  sq.  ft.  of  hearth 
and  the  ratio  of  hearth  to  grate  area  would  be  25: 1.  There  must  be  suffi¬ 
cient  chimney  draught  to  burn  5  lb.  of  coal  per  sq.  ft.  of  grate  per  hour. 
Practically  there  is  a  wide  variation  in  the  rates  of  combustion  per  square 
foot,  both  of  ore  and  of  coal,  in  the  percentage  of  coal  consumed  and  in 
the  ratio  between  hearth  area  and  grate  area. 


Scale  of  Meters 

Fig.  28.  Block  of  Four  Reverberatory  Furnaces. 


Plan  of  Hearths. 


The  number  of  working  doors  per  side  should  be  as  few  as  possible, 
but  the  maximum  limit,  center  to  center,  is  about  8  ft.  Generally,  the 
doors  are  set  at  shorter  intervals  than  that,  e.g.,  7  ft.,  6  ft.,  or  5  ft.  It 
is  a  common  practice  to  provide  the  door  frames  with  lugs,’  so  that  they 
will  be  held  firmly  in  place  by  the  buckstaves,  which  will  be  so  arranged 
that  one  will  come  on  each  side  of  a  door  opening.  The  bottom  of  the 
door  frames  should  set  flush  with  the  hearth.  The  doors  themselves  should 
be  of  a  kind  that  can  be  closed  tightly.  In  connection  with  the  double 
hearth  reverberatory  furnaces  employed  in  Missouri  and  Kansas  cast-iron 
doors,  swinging  from  hinges  on  one  side,  are  commonlv  adopted. 

The  walls  of  a  reverberatory  furnace  should  be  at  least  13-5  in.,  or  one 
and  a  half  brick,  in  thickness.  The  arch  should  be  9  in.  thick,  the  brick 
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being  laid  as  headers;  radiation  of  heat  from  the  arch  may  be  reduced  by 
extending  the  side  walls  to  the  height  of  the  crown  and  fillin*  in  the 
spandrels  with  sand.  The  hearths  may  be  laid  with  fire  brick  tiling,  or 
with  standard  fire  brick,  a  single  course  being  set  edgewise.  The  common 
practice  of  tilling  in  portions  of  the  hearth  room  between  the  working  doors 
with  projecting,  triangular  masses  of  brick  work  is  not  to  be  recommended, 
because  it  is  useless ;  with  properly  designed  working  doors  there  is  not  much 
inaccessible  space  betw  een  them,  and  such  as  there  is  becomes  permanently 
filled  with  ore,  which  does  no  harm  b}r  remaining  there. 

Single  Hearth  Fx  rnaces.  the  height  of  the  roasting  chamber,  from 
hearth  to  roof,  at  the  fire-bridge  end  should  not  exceed  30  in.,  and  it  is 
advisable  to  concentrate  the  heat  further  on  in  the  furnace  by  raising  the 
hearth  toward  the  chimney  end,  either  bv  steps  or  by  a  gradual  inclination. 
The  steps  in  the  hearth  may  be  conveniently  made  3  in.  high.  This  method 
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Scale  of  Meters 

Fig.  29.  Block  of  Four  Reverberatory  Furnaces. 

Longitudinal  section  through  center  of  hearth. 

is  preferable,  on  account  of  structural  reasons,  to  a  depression  of  the 
arched  roof  of  the  furnace.  Sometimes  the  arch  is  depressed  over  the  first 
section  of  the  hearth,  so  as  to  throw  the  flames  down  on  the  ore;  and  fre¬ 
quently  the  hearth  room  is  made  low  throughout,  the  height  from  the  sole  to 
the  center  of  the  arch  being  as  little  as  18  in.  In  view  of  the  modern  ideas 
as  to  the  advantage  of  heating  by  radiation,  however,  it  would  appear  to 
be  the  more  correct  design  to  provide  room  for  a  large  volume  of  luminous 
flame  at  the  fire-bridge  end  of  the  furnace,  and  bring  the  hot  gases  down  to 
the  ore  further  on,  where  the  heating  must  be  chiefly  by  contact. 

The  level  of  the  hearth  should  be.  for  the  convenience  of  the  operators, 
precisely  3  ft.  above  the  floor  of  the  furnace  house,  and  the  latter  should 
be  sloped  to  correspond  with  the  elevation  of  the  hearth.  The  height  of 
tbe  fire  bridge  above  the  hearth  is  usually  9  to  12  in. ;  and  above  the  grate, 
to  20  in.,  hut  the  latter  dimension  varies  considerably  according  to  the 
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kind  of  coal  and  the  method  of  burning  it  (whether  in  a  thick  or  a  thin 
bed).  The  fire  bridge  is  usually  made  18  to  21  in.  thick ;  it  is  a  good  design 
to  arrange  for  cooling  it  by  a  horizontal  air  canal,  which  may  be  advan¬ 
tageously  connected  by  ports  with  the  roasting  chamber,  thus  supplying  the 
ore  with  fresh  and  partially  preheated  air.  The  grate  itself  may  he  an 
ordinary,  horizontal  grid,  or  a  step  grate,  or  the  furnace  may  be  fired  with 
producer  gas,  natural  gas,  or  crude  petroleum.  The  design  of  the  fire 
box  is  discussed  at  more  length  in  Chapter  VIII. 

Double  Hearth  Furnaces. — A  good  deal  of  what  has  been  said  with  re¬ 
spect  to  the  single  hearth  reverberatory  applies  also  to  the  double  hearth, 
which  may  be  in  fact  considered  a  single  hearth  furnace  cut  in  halves,  with 
one  half  superimposed  upon  the  other.  This  arrangement  is  considered  to 
possess  the  advantages  of  better  conserving  the  heat  and  economizing  floor 
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Scale  of  Meters 

Fig.  30.  Double  Hearth  Reverberatory  Furnace. 

Transverse  vertical  section. 


.  pace  and  roof.  Tt  has  the  disadvantages  of  less  ease  in  making  repairs  and 
comem once  in  working.  Cither  a  movable  platform  must  be  provided 
for  the  men  to  stand  upon  while  raking  the  ore  on  the  upper  hearth;  or, 

ientlv  ,°n0,  ^ove^  °*'  ^1G  lower  hearth  is  set  inconven- 

’  w  ))  e  ie  level  of  the  upper  hearth  is  still  too  high  It  is  the 

—  &T:  hl  ^  and  A—  to  build  these  furnaces  in 
makes  it  difficult  t'  '  a  ™1Timon  chimney  in  the  center.  This  arrangement 

souri,  the  double  hearth  K*ns*8  ,>'"1  M'S‘ 

“flat  kilns  ”  lmvn  i  r  ,  '  •  furnaces,  which  are  there  known  as 

raked,  reverberatory  furnXeT  h™  htirtl  '’TT'  '  °f  f°"r' 

shown  in  Figs  28  to  30  TL  r  ]u{lvih*  ll]£K  once  used  in  Europe,  » 
thereto  °  f"raaces  ™PW«1  ™  Was  were  similar 

Examples  from  Practice.— He suits  obtained  in  blende  roasting  in  double 
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hearth  reverberatory  furnaces  are  presented  in  the  following  memoranda 
from  various  authorities  and  private  notes : 

Ammeberg,  Sweden :  The  double  hearth  reverberatories  are  grouped 
four  in  a  massive  and  are  gas  fired.  Each  single  furnace  roasts  3100  kg. 
of  ore  per  24  hours  with  the  consumption  of  545  kg.  of  coal,  or  17-5%. 
The  ore  is  burned  down  to  1-25%  S.  The  massive  of  four  furnaces  is 
attended  by  five  men  per  12  hours,  10  men  per  24  hours.  The  ore  loses 
26 %  weight  in  roasting.1 

Cilli,  Austria:  Blende,  poor  in  sulphur,  is  roasted  in  double  hearth 
reverberatory  furnaces,  with  hearths  7-5X2-5  m.  (24*GXS-2  ft.=403  sq.  ft. 
for  the  two).  Three  charges  of  750  kg.  each  are  roasted  per  24  hours.2 
This  is  4906  lb.  per  24  hours  and  12-3  lb.  per  sq.  ft.  of  hearth. 

Flone,  Belgium:  Furnaces  of  the  same  type  and  dimensions  as  those 
used  at  Oberhausen  roasted  G283  lb.  (2850  kg.)  of  ore  per  24  hours,  or  224 
lb.  per  sq.  ft.  with  consumption  of  500  kg.  of  coal,  or  17-5%  of  the  weight 
of  the  raw  ore.3  These  furnaces  are  now  operated  by  two  men  per  eight 
hours,  instead  of  three  men  working  12  hour  shifts  as  formerly,  the  number 
of  men  per  24  hours  and  the  output  remaining  the  same. 

Hohenlohehiitte,  Upper  Silesia :  The  double  hearth  reverberatory  furnaces 
in  use  at  these  works  have  five  working  doors  per  hearth.  A  furnace  holds 
three  charges,  viz.  two  on  the  upper  hearth  and  one  on  the  lower,  each  charge 
remaining  for  five  hours  before  being  moved  forward ;  consequently  the 
ore  is  15  hours  in  the  furnace.  Each  charge  weighs  1000  kg.  Every  five 
hours  a  charge  is  dropped  from  the  upper  hearth  to  the  lower,  and  a  fresh 
one  is  put  on  the  upper  hearth.  The  capacity  of  the  furnaces  is  therefore 
approximately  5000  kg.  per  24  hours.  The  roast  gases  contain  1%  S02 
by  volume.  The  sulphurous  anhydride  is  absorbed  by  milk  of  lime,  in  a 
suitable  tower,  and  the  gases  are  finally  dispersed  through  a  chimney  100 
m.  high.  The  ore  is  burned  down  to  1%  S.4  Compare  with  the  recent 
practice  at  the  Silesialititte,  Upper  Silesia.  The  consumption  of  coal  and 
cost  of  labor  in  roasting  at  the  Hohenlohehiitte  for  10  years  is>  gi\en  in  the 
following  table,5  wherein  the  quantities  are  stated  in  metric  tons  and  the 
values  in  marks,  one  mark  being  equivalent  to  2<>-hc.  t  nited  States  cui- 
renev;  the  coal  consumed  was  almost  entirely  slack  (Staubkohlen),  and  the 
quantities  reported  include  all  that  was  used  in  the  roasting  plant,  while 
the  labor  reported  also  includes  the  entire  expense  of  the  plant  on  that 
account,  covering  the  handling  of  ore  and  coal  as  well  as  the  furnace  labor: 


1 P.  Mahler.  Ann.  des  Minos,  VII,  512. 

-  Iters-  u.  Hlittenm.  Ztg.,  1804,  No.  4. 

8  P.  Mahler,  loc.  cit. 

4  Schnabel,  Handbueli  dor  Metallhiitten- 


kunde,  II.  48. 

5  Computed  from  statistics  reported  by  the 
Oberschlesischen  Berg-  und  Fliittenman- 
nischen  Verein. 
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Year. 

No.  of 
furnaces. 

Ore  roasted. 

Coal  burned. 

Cost  of  labor. 
Marks. 

Raw. 

Product. 

Total. 

Per  ton  of 
raw  ore. 

Total. 

Per  ton  of 
raw  ore. 

1891... 

18 

33,471 

30,557 

8,384 

0*250 

158.361 

4*73 

1892. . . 

18 

31,897 

29,588 

9,559 

0*300 

160.826 

5*03 

1893.. . 

18 

33,442 

30,760 

9,879 

0*295 

159.851 

4*80 

1894.. . 

18 

35,292 

29,453 

10,153 

0*288 

164,496 

4*60 

1895.. . 

18 

34.757 

28.876 

12.906 

0*370 

162,791 

4*68 

1896.. . 

18 

38,113 

31,124 

15,930 

0*418 

165,636 

4*34 

1897..  . 

18 

36,832 

29,086 

14,941 

0  405 

157,489 

427 

1898..  . 

18 

31,898 

26,445 

13,160 

0*413 

151 ,781 

4*76 

1899..  . 

IS 

38,121- 

31 ,473 

12,961 

0*340 

165,895 

4*35 

1900. .  . 

18 

39,335 

33,419 

15,101 

0*384 

181,594 

4*62 

Malfidano,  Sardinia :  The  plant  comprises  eight  furnaces,  which  are 
grouped  in  massives  of  two  each.  One  chimney  serves  the  massive,  but 
each  furnace  has  its  own  fireplace.  The  hearths  are  2-5X6  m.  (8-2X19*7  ft. 
=323  sq.  ft.  for  the  two).  They  roast  2000  kg.  (4409  lb.)  per  da}*,  which 
is  about  13-7  lb.  per  sq.  ft.  The  desulphurized  ore  averages  00%  Zn.1  It 
is  shipped  to  the  smeltery  at  Noyelles-Godault,  France,  for  distillation. 

Oberhausen,  Westphalia:  The  hearths  are  6-5X2  m.  (21-32X0*56  ft.= 
280  sq.  ft.  for  the  two).  The  arch  is  0-0  m.  above  the  lower  hearth,  and 
0-5  m.  above  the  upper.  Each  furnace  roasts  6014  lb.  (3000  kg.)  of  ore 
per  24  hours,  or  23-6  lb.  per  sq.  ft.  of  hearth.  The  consumption  of  coal 
(containing  11%  ash)  is  1323  to  1543  lb.  (600  to  700  kg.),  i.e.,  20  to 
23-3%  of  the  weight  of  the  raw  ore.  The  grate  area  is  1-31X6*56  ft.=8-6 
sq.  ft.  (0-4X2  m.),  the  ratio  of  grate  area  to  hearth  area  being  1 :  32-6.  The 
coal  was  burned  at  the  average  rate  of  6-4  to  7-5  lb.  per  sq.  ft.  of  grate  per 

hour.  The  raw  ore  assaying  25  to  26%  S  was  burned  down  to  between  0-5 < 
and  0-83%  S.2 

Pittsburg,  Kan. :  Two  furnaces  are  combined  in  a  block.  The  lower 
hearth  of  each  is  18  ft.  4  in.X8  ft.;  the  upper  hearth,  23  ft.  4  in.X^  ft* 

I  lu*  hearth  aiea  per  block  is  therefore  666%  sq.  ft.  The  arches  over  the 
hearths  are  14  in.  above  the  latter  at  the  sides  and  28  in.  at  the  center. 
Each  furnace  is  attended  by  one  man,  who  works  a  24-hour  shift,  which 
corresponds  to  four  man-shifts  per  block  per  24  hours.  One  man  per  12 
hours  attends  to  333%  sq.  ft.  of  hearth.  Each  furnace  yields  4000  to 
4200  lb.  of  roasted  ore  per  24  hours,  corresponding  to  4600  and  4830  lb.  of 
raw  ore,  and  a  hearth  efficiency  of  13-8  to  14-5  lb.  per  sq.  ft.  per  24  hours. 

Reckehiitte,  Upper  Silesia  :  Tn  1895  the  double  hearth  reverberatory  fur¬ 
naces  in  use  had  hearths  6X2  m.  (19-68X6-56  ft. =2 58  sq.  ft.  for  the  two). 


1 

3 


ptS,.f.d.'  Be^g'  ni,itten‘  u.  Salinenwesen  im  Preuss.  Staate,  L,  ill.  055. 
P.  Mahler,  Ann.  des  Mines,  VII,  512. 
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Each  hearth  had  six  working  doors.  Each  furnace  roasted  771G  lb.  (3500 
kg.)  of  ore  per  2d  hours,  or  about  30  lb.  per  square  foot  of  hearth.1  The 
consumption  of  coal  was  1000  kg.,  or  28-0%  of  the  weight  of  the  ore.  A 
furnace  was  attended  by  one  man  per  12-hour  shift,  which  corresponds 
to  one  man  per  258  sq.  ft.  of  hearth. 

Silesiahutte,  Upper  Silesia:  The  hearths  are  5-55X2-5  m.  (17-53X8-2  ft. 
—288  sq.  ft.  for  the  two).  Each  furnace  roasts  6614  lb.  (3000  kg.)  of  ore, 
which  is  23  lb.  per  sq.  ft.  of  hearth  per  24  hours,  with  the  labor  of  two 
men.  One  man  per  shift  rakes  288  sq.  ft.  of  hearth.2 

The  double  hearth  reverberatory  furnaces  in  use  at  the  Silesiahutte 
(Lipine)  in  1895  had  hearths  5-6X2  m.  (15-68X6-56  ft.— 206  sq.  ft.  for 
the  two).  Each  hearth  had  four  or  five  working  doors.  Such  a  furnace 
roasted  11,243  lb.  (5100  kg.)  of  ore  per  24  hours,  with  the  consumption  of 
1200  kg.  of  low  grade  coal;1  this  was  23-5%  of  the  weight  of  the  raw  ore. 
The  furnace  crew  comprised  two  men  per  12  hours,  or  one  man  per  103  sq. 
ft.  of  hearth.  The  quantity  of  ore  roasted  was  54  lb.  per  sq.  ft.  of  hearth, 
a  very  remarkable  performance,  although  the  hearth  area  per  man  is  very 
small.  The  furnace  contained  three  charges,  of  650  kg.  each,  at  one  time. 

Weir,  Kan. :  Furnaces  of  the  same  dimensions  as  at  Pittsburg  were 
used.  A  pair  of  furnaces  used  to  roast  9400  to  10,000  lb.  of  ore  per  24 
hours,  yielding  8000  to  8400  lb.  of  product,  four  drawings  of  1000  to  1050 
lb.  being  made  from  each  furnace.  The  ore,  assaying  28  to  30%  S  was 
burned  down  to  between  0-70  and  1-50%  S,  varying  according  to  its  charac¬ 
ter.  The  rate  of  roasting  was  14  to  15  lb.  of  raw  ore  per  square  foot  of 
hearth  per  24  hours.  The  number  of  men  per  furnace  wras  the  same  as  at 
Pittsburg.  The  consumption  of  coal  (an  inferior  slack)  was  about  one  ton 
per  ton  of  ore. 


SUMMARY  OF  DOUBLE  HEARTII  REVERBERATORY  FURNACES. 


Place. 


Anwneberg.  ... 
P)6ne. . 

5°healohehiiitte.'. 

Bssr-.- 

sSuSSS&.v: 


Hearth 
Area 
sq.  ft. 

Pounds 
ore  roasted 
per  24  h. 

Pounds 
per  sq.  ft. 
of  hearth. 

No.  of 
man-shifts 
per  24  h. 

Sq.  ft. 
of  hearth 
per  man. 

%  Coal 
burned. 

Pounds  ore 
roasted  per 
man-shift. 

280 

6.834 

24-4 

2* 

224 

175 

2,734 

403 

4,960 

123 

•  • 

.... 

... 

280 

6,283 

22  4 

.  . 

.... 

1 7  5 

11  023 

#  % 

.  . 

.... 

35*0 

280 

6’614 

23"  6 

,  , 

.... 

21*5 

333 

4,830 

145 

2 

333 

.... 

2,415 

258 

7,716 

300 

2 

25S 

28*6 

3,858 

288 

5,614 

230 

2 

288 

.... 

3,307 

206 

11,243 

54  0 

4 

103 

23*5 

2,811 

333 

5,000 

15-0 

2 

333 

2.500 

1  Schnabel,  Il&ndbuch  der  Metallhiittenkunde,  II,  49. 

2  Max  Georgi,  Berg-  u.  Hiittenm.  Ztg.,  March  2,  1S77. 
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Shelf  Burners. — Shelf  burners  are  simply  multiple  hearth  reverbera- 
tories,  which  are  built  in  single  rows,  double  rows  (hack  to  back)  or  in 
blocks  of  four.  Each  furnace  has  usually  four  superimposed  hearths,  and 
sometimes  live  or  six.  The  total  length  of  hearth  is  limited  by  the  same 
factors  which  limit  the  length  of  a  two-hearth  furnace,  or  a  long  single 
hearth  reverberatory.  Instead  of  the  ore  being  worked  forward  by  tools 
inserted  through  side  doors,  however,  the  shelf  burners  have  the  working 
doors  in  the  end,  wherefore  the  operator  draws  the  ore  toward  him  on  one 
hearth  and  pushes  it  away  from  him  on  the  next  one  below.  The  length 


1  ig.  31.  Type  of  Shelf  Kiln  Used  in  Kansas. 


Trans  verso  vertical  section. 


of  an  individual  hearth  is  limited  only  by  that  of  the  tools  which  the  ope: 
tor  can  conveniently  handle.  This  is  probably  about  9  ft.  The  heart 
o  ie  urners  are  generally  made,  however,  about  8  ft.  long  and  8  ft.  "  *' 

TlTi  ienSi°nS  ai'e  7X7  ft>  ?XS  ft.,  8X8  ft.  and  8X9  ft. 
v  •  Vui  nmrb  an  kngely  used  for  blende  roasting  in  Kansas  and  M 
I  '  ”,  lavc  ',ocn  recently  displaced  to  a  considerable  cst< 

howlt  tT  naC,'S:  A  tvpieal  kn"  of  the  tvpo  employed  th« 
Ido  As  "  ‘'''““.mpany.^cngravincs.  Those  kiln's  arc  generally  1»»>‘ 
lock,  of  four,  ,.o„  the  block  is  divided  into  f„„r  sections  by  vertical 
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One  wall  divides  the  block  into  two  sections,  which  arc  further  subdivided 
by  the  fireplaces,  which  thus  separate  two  opposite  sections.  Each  section 
has  four  superimposed  hearths,  but  kilns  with  five  or  six  hearths  are  fre¬ 
quently  used.  The  products  of  combustion  unite  in  a  flue,  over  the  arch 
of  the  fireplace,  which  communicates  with  a  central  chimney;  sometimes, 
however,  the  longitudinal  transverse  wall  is  carried  up  through  this  flue 
and  there  are  two  chimneys,  one  for  each  fireplace. 

In  Kansas  and  Missouri  these  kilns  are  commonly  built  high  above  the 
ground,  so  that  the  roasted  ore  can  be  dropped  into  vaults  on  the  ground 


-  Working  doors  8  x  15 


Flue  to  ^ 
chimney  14 


^JToortoeoifun^ 


Cellar  for  roasted  ore 


Ground  level 
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Fig.  32.  Type  of  Shelf  Kiln  Used  in  Kansas. 

Longitudinal  vertical  section. 


kvel,  from  which  it  is  trammed  directly  to  the  distillation  furnaces.  There 
is  also  a  deep  ash  pit  which  gives  easy  access  to  the  grates,  the  latter 
consist  of  a  few  wrought  iron  bars,  laid  loosely  on  trans\erbC  re>  ^ 
support  a  thick  bed  of  clinkers  on  which  slack  coal  is  burned,  tins  con¬ 
stituting  a  crude  system  of  semi-gas  firing,  the  same  as  K  prat Li>t<  v 
distillation  furnaces  of  the  district  (q.  v.).  At  Iola,  similar  n.  ns  are  ili 
"itli  natural  gas  firing.  In  Indiana,  kilns  of  the  same  t}pe  are  u.  e 
%  are  built  lower,  without  the  high  vaults  for  roasted  ore  under  the 
u ‘Orths,  and  at  some  works  they  are  arranged  in  a  single  row  m.. 
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blocks  of  four  or  double  rows.  As  at  lola,  Kan.,  all  the  roasting  kilns  in 
Indiana  are  fired  with  natural  gas. 

The  doors  through  which  the  ore  on  the  hearths  of  these  kilns  is  raked 
are  placed  in  the  ends.  They  are  commonly  iron  castings  hinged  on  a  rectan¬ 
gular  frame  set  in  the  brickwork  in  the  usual  manner.  A  common  size  is 
8X15  in.  Sometimes  there  are  two  doors  per  hearth;  sometimes  there 
are  two  doors  to  the  hearth  on  which  the  ore  is  pushed  away  from  the 
operator  and  only  one  to  the  hearth  on  which  it  is  pulled  toward  him. 
The  lower  hearths  are  reached  from  the  plank  floor  of  the  house  surround¬ 
ing  the  lurnacc;  to  enable  the  operator  to  reach  the  upper  hearths  a  movable 
platform  is  pushed  up  in  front  of  the  furnace.  The  brick  walls  are  sup¬ 
ported  by  horizontal  buckstaves,  only  on  two  opposite  sides  of  ihe  block, 
which  are  connected  at  the  ends  by  tie  rods  passing  just  over  each  row  of 
working  doors.  rl  hese  horizontal  beams  form  a  solid  support  for  the  skew- 
backs  of  the  arches.  Outside  of  the  horizontal  buckstaves,  vertical  buck- 
sta\os  arc  set  and  tied  across  the  top  of  the  furnace  in  the  usual  manner. 
In  those  kilns  which  have  alternately  two  and  one  working  doors  per  hearth 
\ertical  buckstaves  on  the  side  from  which  the  hearths  are  raked  would  be 
in  the  May,  except  at  the  corners;  there  is  no  good  reason  why  they  should 
not  be  used  on  those  sides  of  tbe  furnaces  which  have  two  doors  per  hearth. 
However,  the  method  of  staying  employed  in  Kansas  and  Missouri  gives 
apparently  results  which  are  good  enough,  since  the  repairs  required  for 
these  kilns  are  relatively  very  small,  and  their  life  is  long.  The  repairs 
most  frequently  required  are  relining  the  fire  boxes,  which  has  to  be  done 

at  intervals  of  one  to  two  years;  repairs  on  the  hearths  arc  needed  less 
irequently. 


A  four-hearth  kiln  like  that  shown  in  Figs.  31  and  32  has  an  effective 
hearth  area  of  about  840  sq.  ft.  The  ore  in  roasting  is  allowed  to  lie  on 
the  hearth  in  a  bed  about  2-5  in.  thick.  With  two  men  per  shift  about  five 

°?\  ^  of  raw  ore  wil1  be  put  through  in  24  hours,  the  tenor  of 

su  p  mr  m  the  roasted  ore  being  less  than  1%.  This  is  about  12  lb.  per  sq- 
•  of  beaith  area.  There  are  two  grates,  each  0X2  ft.  8  in.,  giving  a  total 

32  *  ft;.  »  ratio  of  grate  to  hearth  of  X  to  2<i 
It'  an  nears  f!  "’“T1’*'0"  of  vori™  much  according  to  the  quality  used- 
cLcl  problr  f  ""I  “  *"  10°%  of  thc  weight  of  the  raw  ore:  in  ** 
is  generally  en,nl  T  than  the  former.  An  inferior  slack 

that  the'  1  r.m  '  ,  ’  ,•  '*  comm<>nl.y  obtained,  however,  at  so  low  a  pri« 

cost  ^rtnr per  ton  °r  °r°  *  ** » «» 
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The  furnace  ciew  consists  of  two  men  per  shifty  each  man  having  one 
grate  and  eight  hearths  to  attend  to.  It  is  a  common  practice  to  pay  the 
men  according  to  the  product  turned  out,  a  limit  being  set  on  the  percentage 
of  sulphur  that  it  may  contain.  When  this  is  done  the  men  will  usually 
work  24-hour  shifts,  day  on  and  day  oh*.  Contracts  are  made  at  7c.@8c. 
per  100  lb.=$l-40@$l*60  per  ton  of  roasted  ore,  or  $1*19@$1*36  per  ton 
of  raw  ore;  for  the  higher  figure  the  men  frequently  carry  the  ore  from 
the  storage  bins  to  the  roasting  furnaces,  but  the  roasted  ore  is  removed  at 
the  company’s  expense.  At  7*5c.  per  100  lb.  a  man  will  earn  about  $3-75 
per  24  hours=$TS75  per  12  hours.  In  Indiana  roasting  is  contracted  at 
5c.  per  100  lb.  of  product,  the  kilns  being  heated  by  natural  gas,  and  the 
men  earn  $1.75@$2  per  12  hours  at  that  figure.  The  same  rate  is  paid  in 
the  natural  gas  smelteries  of  Kansas.  This  makes  the  cost  for  labor  in 
roasting  a  ton  of  raw  ore  about  85c.,  which  is  certainly  a  very  low  figure 
considering  the  scale  of  wages  that  prevails. 

Perhaps  the  most  general  construction  of  the  shelf  burners  in  the  natural 
gas  districts  of  Kansas  is  eight  double  furnaces  in  a  block,  back  to  back,  four 
in  a  row.  By  double  furnace  is  meant  here  one  furnace  of  three  hearths 
superimposed  upon  another  of  the  same  number,  the  two  together  being 
six  hearths  high.  This  curious  practice  has  been  developed  in  the  gas  fields 
alone,  the  ability  to  pipe  the  gas  in  almost  any  manner  desired  enabling  a 
construction  which  would  hardly  be  feasible  if  the  furnace  had  to  be  heated 
from  a  fireplace.  The  twro  furnaces,  one  over  the  other,  are  quite  distinct 
in  their  operation.  Indicating  the  hearths  of  the  upper  by  Al,  A 2,  A3, 
and  those  of  the  lower  by  Bl,  B2,  B3,  the  raw  ore  is  charged  to  B1  by  a 
chute  in  the  rear  wall  and  the  roasted  ore  is  discharged  Irom  A3  by  a  chute 
in  the  front  wall.  Hearths  A3  and  B3  have  one  working  door,  on  each 
side  of  which  a  gas  burner  is  introduced.  The  products  of  combustion  escape 
through  flues  in  the  rear  wall  to  a  main  flue  on  top  of  the  block,  which  may 
have  an  independent  chimney,  or  the  flues  of  several  blocks  may  lead  to  one 
large  chimney.  Such  a  block  of  eight  double  furnaces,  or  1G  single  ones, 
generally  roasts  about  18  to  20  tons  of  ore  per  24  hours,  delivering  15  to  1< 
tons  of  product,  the  furnace  crew  comprising  four  men  per  shift  who  are 
paid  the  customary  5c.  per  100  lb.  of  product.  The  blocks  are  built  high 
above  the  ground  in  order  to  permit  the  installation  of  the  necessary 
pockets  for  receipt  of  the  roasted  ore,  which  is  drawn  therefrom  into  a  car, 
and  the  multiplication  of  hearths  causes  these  massive  structures  to  tower  to 
great  height.  The  placing  of  one  furnace  above  another  saves  something 
in  the  first  cost  of  the  foundation  and  in  the  furnace  building,  which  does 
not  have  to  cover  so  large  an  area  as  otherwise,  while  as  to  inconvenience 
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in  operation  there  is  probably  no  difference,  since  the  lower  furnace  itself 
is  so  high  as  to  require  movable  platforms  for  the  men  to  stand  on 
Occasionally  the  furnaces  at  lola  are  built  with  more  than  four  in  a  row 
and  that  is  also  the  case  in  Indiana,  but  in  the  latter  State  they  are  not 
the  elevated  structures  they  are  in  Kansas. 

Examples  from  Practice. — A  works  at  Pittsburg,  Kan.,  had  shelf  burn¬ 
ers  grouped  in  blocks  of  four  burners  each.  The  burners  were  four  hearths 
high,  wherefore  there  were  16  hearths  per  block.  The  hearths  were  G  ft. 
9  in.  wide  and  9  ft.  6  in.  long.  The  arches  over  the  hearths  were  21  in. 
above  the  latter  at  the  center  and  9  in.  at  the  sides.  The  total  hearth  area 
per  block  was  1026  sq.  ft.  The  roasting  was  done  by  two  men  per  block 
per  24  hours,  i.c.,  there  were  four  man-shifts.  Three  charges  were  dropped 
in  and  drawn  out  per  burner  per  24  hours,  i.e.,  each  charge  remained  eight 
hours  on  a  hearth,  and  was  32  hours  in  passing  through  the  furnace.  The 
single  charges  weighed  about  940  lb.  and  yielded  800  lb.  of  roasted  product. 
The  quantity  of  ore  roasted  per  block  per  24  hours  was  11,280  lb.,  the 
product  being  9600  lb.  The  hearth  efficiency  was  11  lb.  per  sq.  ft.,  one 
man  having  to  attend  to  512  sq.  ft.  of  hearth.  The  ore  was  burned  down 
to  1  to  1*30%  S.  The  consumption  of  coal  was  approximately  five  tons  per 
24  hours,  or  about  90%  of  the  weight  of  the  ore  roasted. 

A  block  of  eight  burners,  each  of  three  hearths,  or  a  total  of  24  hearths, 
<ib  above  described,  at  a  certain  works  at  lola,  Kan.,  has  hearths  9X9  ft-> 
giving  a  total  hearth  area  of  1944  sq.  ft.  The  arch  over  each  hearth  is  20  in. 
above  the  latter  at  the  center  and  10  in.  at  the  sides.  The  ore  is  crushed 
to  between  1-5  and  2  mm.  size  and  is  charged  in  lots  of  2500  lb.,1  a  charge 
being  dropped  in  and  drawn  out  every  12  hours;  consequently  the  ore  is  36 
hours  in.  passing  through  the  furnace.  The  ore  lies  on  the  hearth  in  a  bed 
about  3  m.  thick.  The  loss  of  weight  in  roasting  is  12  to  13%,  a  charge  of 
2500  lb.  yielding  about  2200  lb.  of  roasted  product.  The'  ore  is  burned 

o^TJornn0  1’5^  S'  The  of  such  a  block  of  eight  burners  is 

2X8X^00—40,000  lb.  of  raw  ore  per  24  hours.  The  furnace  crew  com- 
pnses  four  men  who  work  24-hour  shifts,  corresponding  to  eight-man  shifts 
°fr  .  10Ur.?‘  Ea<*  man  attends  to  six  hearths,  or  486  sq.  ft.  The  hearth 

V°-V  -  °f  °rC  Per  24  hours  Per  ^are  foot.  In  drawing 
of ‘io  U  roasted  ore  at  5c.  per  100  lb.  the  men  receive  $2-20  oer  shift 
lours,  in  drawing  32,000  lb.  they  would  earn  $2  per  shift. 


'  In  very  hot  weather,  the  charges  are 
i"  Uer.  say  2300  lb.  Instead  of  2500  This 
variation  Is  common  In  the  Kansas  smelt¬ 


ing  practice,  in  mid-summer  the  tempera- 
ture  Is  frequently  100°  F.  In  the  shade. 

*  Otto  Rissmann,  private  communication. 
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Reverberatory  Furnaces  Raked  Mechanically. 


Mechanically  iaked  ic\erberatory  furnaces  are  subdivided  into  those  with 
stationary  hearths  and  those  with  movable  hearths;  in  the  former  the  rakes 
are  movable;  in  the  latter  they  are  stationary.  In  both  kinds  the  principles 
ot  combustion,  air  supply,  etc.,  are  essentially  the  same  as  in  hand  raked 
reverberatories. 

Furnaces  with  Stationary  Hearths. — Mechanical  furnaces  with  sta¬ 
tionary  hearths  are  by  far  more  important  as  a  type  than  are  those  with 
movable  hearths.  They  have  been  built  with  long  rectangular  hearths,  with 
circular  hearths,  and  with  annular  hearths.  Circular  hearths  are  neces¬ 
sarily  of  rather  limited  diameter,  but  annular  and  rectangular  hearths  can 
be  made  of  great  dimensions.  Because  of  the  ability  to  place  auxiliary 
fireplaces  along  the  sides,  or  around  the  periphery  of  these  furnaces,  the 
length  of  hearth  can  be  made  as  much  as  desired,  inability  to  heat  as  in 
the  case  of  the  hand  raked  reverberatory  being  no  limitation. 

Brown  Furnace. — The  Brown  furnaces  were  the  first  in  which  the  diffi¬ 
culties  connected  with  the  O'Harra,  which  was  the  prototype  of  this  class 
of  mechanical  furnaces,  were  successfully  overcome.1  It-  was  originally 
built  in  the  form  of  a  broken  ring,  known  as  the  “horseshoe  furnace,”  next 
in  an  elliptical  form,  and  finally  in  a  rectilinear  form,  known  as  the 
‘‘straight  line”  furnace.  Each  of  these  forms  is  built  now  according  to  the 
choice  of  purchaser,  but  only  the  horseshoe  furnace  has  been  employed  so 
far  in  blende  roasting  in  the  United  States,  though  a  straight  line  muffle 
furnace  has  been  installed  in  Upper  Silesia.  The  right  to  all  of  the 
Brown  furnaces  for  blende  roasting  in  Indiana,  Illinois,  Kansas,  Missouri 
and  Arkansas  is  controlled  bv  the  Edgar  Zinc  Co.  in  conjunction  with  the 
Collinsville  Zinc  Co.  They  are  built  by  the  Allis-Chalmers  Co. 

In  its  most  improved  form  the  Brown  straight  line  furnace  is  a  single 
hearth  reverberatory  with  an  interior  slotted  wall  on  each  side  of  the  hearth, 
covered  with  a  low  arch  (see  Fig.  33).  Tn  the  conduits  formed  by  the  slotted 
walls  and  the  exterior  walls  of  the  furnace,  are  placed  rails  upon  which  run 
trucks  supporting  a  stirrer  arm,  projecting  through  the  slots.  Fastened  to 
that  portion  of  the  arm  which  extends  over  the  hearth  are  stirrer  shoes, 
resembling  miniature  plowshares,  which  dip  down  into  the  ore,  lying  in  a 
thin  layer  on  the  hearth.  The  stirrer  carriages  (there  are  never  less  than 

1  Thp  essential  improvements  which  were  heat  anel  the  continuous  slot  through  which 
embodied  in  the  Brown  furnace  wore  the  re-  the  rake  arm  passes.  The  patents  cover- 
fyssed  chambers  in  which  the  mechanism  of  ing  those  features  have  lately  been  sus- 

lf  rake  carriage  is  protected  from  the  tained  after  a  long  litigation. 
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two)  are  moved  through  the  hearth  chamber  by  two  endless  steel  link  chai  ? 
which  pass  over  sprocket  wheels  located  at  both  ends  of  the  furnace  out  ^ 
of  the  roasting  hearth.  After  passing  through  the  hearth  chamber  each 
carriage  returns  over  the  top  of  the  arch  on  tracks  similar  to  those  placed 
m  the  conduits,  and  having  reached  the  end  of  the  arch  it  passes  downward 
again  into  the  hearth  chamber.  There  are  sheet  iron  flap  doors,  hinged 
at  the  top,  at  each  end  of  the  hearth  to  keep  out  the  cold  air;  these  remain 
closed  except  when  lifted  by  a  stirrer  carriage  passing  in  and  out. 


Fig.  33.  Brown  Straight  Furnace. 

Transverse  section  through  hearth. 


Scale,  %  in.  =  1  ft. 


By  this  construction  the  operating  mechanism  is  protected  from  the  fur¬ 
nace  heat,  and  the  carriages,  by  passing  over  the  top  of  the  furnace  into  the 

"  C0°^  and  *be  s^rrers  d°  n°t  become  overheated. 

e  so  Cf  "a  15  are  formed  by  fire  clay  tilings  which  project  upward 
from  the  hearth  and  by  fire  brick  which  project  downward  from  the  arch. 
I  he  skewbacks  of  the  arch  are  steel  channel  beams  supported  on  columns 

12  in‘  hlgh’,th"  SPac<?s  between  the  columns  being  3  ft.  6  in.  long.  These 
openings  m Inch  extend  the  entire  length  of  the  hearth  on  both  sides, 

strucHSC<3’  by  Sheet  iron  f1oors  lined  with  asbestos.  This  con- 

etc  without  ha vin <r t  ready  aecess  to  the  hearth  at  any  point  for  repairs, 
of  the  furnace.  Fm"  T'  °'Vn  tbe  brick  instruction  to  get  to  the  interior 
venientlv  built  of  'l'  ~rOUn<  *°  *be  bearth  the  furnace  may  be  eon- 

brick  the  structure1^11  i?  ^  rCst  °f  tbe  furnace  constructed  of 

brick  the  structure  being  bound  together  by  steel  I  beams 

is  builMow  andlh  °V°i  ^  t0p  °f  tbe  furnacc  brick  structure 

th°  S°lld  Wb  ^serves  heat  against  radiation.  Fire 
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boxes,  in  number  and  position  to  suit  the  length  of  the  furnace  and  the 
character  of  the  ore,  are  provided ;  they  are  arranged  in  pairs  opposite  each 
other  in  the  usual  construction.  When  subsequent  operations  render  it 
necessary  to  cool  the  roasted  ore  rapidly,  the  top  of  the  furnace  is  converted 
into  a  cooling  floor  by  covering  it  with  thin  steel  plates  having  upturned 
edges,  the  construction  being  that  of  a  shallow  tray  the  length  of  the  arch 
and  the  width  of  the  roasting  hearth ;  special  double  arm  stirrers  are  pro¬ 
vided  with  which  to  raise  the  ore  from  the  roasting  hearth  to  the  cooling 
pan  along  which  it  is  gradually  advanced,  in  the  same  manner  as  on  the 
roasting  hearth,  to  the  cool  end  of  the  furnace,  where  it  may  be  carried 
away  by  a  conveyor  or  other  device. 

When  the  Brown  furnace  is  made  other  than  straight,  the  stirrer  carriages 
are  drawn  by  an  endless  steel  wire  rope  which  rims  in  the  inner  conduit 
and  is  supported  on  small  horizontal  grooved  wheels  placed  sufficiently  near 
each  other  to  cause  the  rope  to  conform  to  the  curve  of  the  furnace ;  the  rope 
is  driven  and  kept  taut  by  passing  it  around  a  system  of  wheels  driven  by  a 
small  slide  valve  engine  provided  for  that  purpose.  The  rope  is  connected 
with  the  carriages  by  means  of  a  small  grip  similar  to  that  used  on  cable 
cars,  the  construction  being  such  that  as  soon  as  a  carriage  emerges  from 
the  hearth  into  the  open  air  it  is  unclutched  automatically  and  remains  there 
cooling  off  until  the  carriage  behind  it  emerges  and  strikes  it,  pushing  it 
forward  a  short  distance  to  a  point  where  it  becomes  again  clutched  to  the 
rope  and  travels  forward  while  the  second  carriage  becomes  unclutched  and 


remains  stationary. 

It  has  been  the  experience  of  the  builders  of  these  furnaces  that  in  the 
straight  furnace  the  best  width  for  the  actual  roasting  hearth  is  10  ft.,  and 
for  the  furnaces  which  have  a  curved  hearth,  8  ft.  The  straight  furnace 
may  vary  from  60  ft.  to  180  ft.  in  length,  and  the  diameter  of  the  round 
ones  may  be  from  50  ft.  upward.  In  places  where  economy  in  floor  space 
need  not  be  considered,  the  round  or  the  elliptical  t\pc  may  be  use  ,  cino 
simpler  in  construction  and  costing  less  per  square  foot  of  hearth  area  than 
tbe  straight  furnace,  but  where  space  is  limited  the  straight  furnace  shoul 
be  nsed.  The  largest  Brown  furnaces  of  the  round  or  “horseshoe  }'Pe  are 
U9  ft.  in  diameter  and  have  2422  sq.  ft.  of  effective  roasting  hearth.  These 
Were  installed  at  the  works  of  the  Edgar  Zinc  Co.  at  Chcrrvva  (,  van. 
^graving  Fig.  46  shows  these  furnaces  in  course  of  construction. 

The  arrangement  of  a  Brown  elliptical  furnace  viti  a  coo  ° 
shown  in  the  accompanying  engraving.  The  roasting  mar  i  is  ,, 

?nd  the  cooling  hearth  78  X  8  ft-  Tn  the  construction  of  sue ii  a  n 
18  Squired  50,000  lb.  of  iron  work,  00,000  red  brick,  8100  fire  brick,  ~ 
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of  fire  clay,  250  bushels  of  lime,  and  100  cu.  yds.  of  sand.  The  foundation 
requires  400  perches  (10,000  cu.  ft.)  of  stone  work.  The  erection  is  ac¬ 
complished  with  about  250  days  of  common  labor,  250  of  masons’  and  20  of 
smiths’  and  machinists’  labor.1 

The  details  of  the  construction  of  the  circular  or  “horseshoe”  furnace  is 
shown  in  the  accompanying  engravings,  which  are  reproduced  from  Pro¬ 
fessor  Iiofman’s  treatise.  Metallurgy  of  Lead.  In  the  center  there  is  an 
engine  a  of  5  to  8  h.  p.  (although  only  2  h.  p.  are  required),  which  drives 
the  mechanical  feeder  b  and  the  cable  c  running  over  sheaves  d.  Opposite 
each  sheave  is  a  door  e,  which  gives  access  to  the  sheave  for  oiling  and 
repairing  and  admits  air  for  cooling  the  bearings.  The  outside  doors  f  are 
4  ft.  apart,  which  is  just  enough  to  give  access  to  the  hearth  when  the  outer 
wall  g  between  the  doors  has  been  removed  and  the  tiling  h  taken  out.  The 
flues  from  the  exterior  fireplaces  are  turned  in  the  direction  of  the  draught, 
so  that  the  flame  may  spread  uniformly  under  the  roof  and  not  strike  the 
ore.  The  gases  and  fumes  are  carried  off  by  the  chimney  i.  The  ore.  is 
fed  at  b  by  an  automatic  feeder,  which  delivers  with  every  passage  of  a 
carriage  a  weighed  quantity  on  the  hearth  outside  of  the  swinging  door. 
The  ore  enters  the  furnace  through  the  swinging  door  j,  trave  s  c|'cr 
hearth,  leaves  it  through  the  other  door  Tc,  and  is  discharged  into  wheelbar¬ 
rows  or  trucks  placed  at  l.  The  stirring  carriage  m  after,  eaving  e 
nace  strikes  a  second  one  at  rest  (not  shown  in  the  engraun&)  m  o  _ 
space  and  pushes  it  along  until  its  grip-lever  comes  in  con  ac  wi  a ■  * 

stop  and  is  forced  down,  when  it  grips  the  cable  which  draws  1  « 

into  the  furnace.  At  the  same  time  the  heated  carnage  is  auton«tieally 

released,  comes  to  a  stop  and  cools  in  the  open  space  or  rom  jn 

minutes,  which  is  the  time  required  for  a  carriage  o  ma  x  \  oRG 

this  manner  the  two  carriages  are  used  alternate  y  a  in  ffecte(q  by 

to  three  minutes  and  are  not  sufficiently  heated  to  be  much  affected  In 

their  passage  through  the  furnace.  with  the  hearth,  arc 

On  the  side  walls  of  the  furnace,  built  «  and  j?.  on 

placed  the  heavy  cast  iron  frames  of  the  inner  an  on  ^  g  q  and  the 

the  frames  rest  9  in.  channel  beams  n,  securer  >}  ^  brickwork 

«e  rods  P.  Thus  the  roof  q  is  supported  independently  of the^bric  ^  ^ 

between  the  doors,  which  can  be  taken  out  if  nece8^‘  vcnts  them  from 
supported  in  the  doors  outside  the  inner  passage,  v 1  .■  of  ^  slotted 
being  much  heated.  The  tiling  h,  forming  u  rcadilv  removed 

-all,  is  set  in  the  brickwork  of  the  The  tile  form- 

without  disturbing  tbc  roof  or  cooling  <  own  11 

,j0hnE.  Rotbwell,  in  Tbe  Mineral  Industry,  V. 
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ing  the  upper  part  of  the  wall,  is  built  into  the  roof  and  special  precautions 
must  be  taken  to  secure  it  firmly.  The  inner  passage  shows  a  T  rail  for  the 
inner  double-flanged  wheels  of  the  stirring  carriage,  while  in  the  outer 
passage  there  is  a  smooth  rail  for  the  outer  flat-tread  wheels,  giving  room 


Iig.  38.  Brown  Horseshoe  Furnace. 

Plan. 


for  expansion  and  contraction.  At  some  works  the  furnace  is  inclosed  bv 
ribbed  cast  iron  skewbacks  at  the  level  of  the  tracks  in  order  to  keep  the 
latter  rigid  1\  in  place.  The  first  fire  box  is  placed  about  60  ft.  from  the 
feed  end  of  the  furnace,  the  other  two  are  35  and  40  ft.  apart. 


roasting  furnaces. 
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The  t, nmg  carnage  was  ongmally  fitted  with  plows,  made  of  oblong 
plates  of  steel  placed  obi iquely  to  the  arm  reaching  across  the  hearth  Such 
a  plow  wore  oil  from  1-25  to  1-5  in.  in  about  a  fortnight,  when  it  was  turned 
and  after  another  two  weeks  was  discarded.  This  form  of  plow  had  the  dis¬ 
advantage  that  the  front  point  wore  more  rapidly  than  the  rest  of  the  blade 
with  the  consequence  that  the  ore  would  not  be  stirred  uniformly ;  in  recently 
built  furnaces  the  uneven  wear  has  been  diminished  by  riveting  to  the  blade  a 
white-iron  shoe,  which  wears  very  slowly.  When  crusts  form°on  the  hearth, 
they  are  sometimes  plowed  up,  say  once  in  five  days,  by  a  curved  steel  bar 

The  bar  is  shifted  about  5  in.  after  each 


attached  to  a  reserve  carriage 


12'7}*" 


-gV 


Fig.  39.  Brown  Horseshoe  Furnace. 

Transverse  section  through  roasting  hearth. 

circuit  and  the  crust  broken  up  in  about  an  hour.  Care  must,  of  course, 
t*o  taken  not  to  allow  the  crust  to  become  too  thick,  since  when  that  is 
the  case,  plowing  up  strains  the  machinery  and  becomes  almost  impossible. 
Another  way  is  to  have  a  separate  frame  with  steel  teeth,  1  in.  square, 
reaching  beneath  the  ore  and  run  it  all  the  time,  thus  preventing  an)  crust 
at  all  from  forming.  The  improved  rabble  t  (Fig.  43)  is  plow-shaped  and 
of  cast  iron;  it  wears  on  the  bottom,  but  the  cutting  edge  always  remains 
Pointed.  The  plow  is  keyed  to  a  cast  steel  rabble  arm  u,  attached  to  the 
stirrer  arm  v  reaching  across  the  hearth.  The  arm  can  be  lowered  as  the 
plow  wears  off.  When  a  crust  forms  the  arms  are  lowered  one  at  a  time 
so  as  to  cut  just  under  it  into  the  loose  material  lying  on  the  brick  hearth. 
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The  rabble  arms  are  placed  about  12  in.  apart  on  each  carriage  (Fig.  44) 
and  are  mismatched,  so  that  with  three  carriages  the  whole  hearth  surface 
is  covered.  One  of  the  carriages  has  side  stirrers  w,  to  prevent  any  ore  from 
accumulating  there.  A  carriage  (Figs.  44  and  45)  consists  of  an  L- 
shaped  frame  with  one  flat-tread  wheel  x,  running  in  the  outer,  and  two 
double-flanged  wheels  y  running  in  the  inner  passage.  The  front  inner 
wheel  has  the  cable  grip  z. 

The  life  of  a  cable  is  six  months  and  less  according  to  the  strength  of 
the  splice  and  the  strain  it  has  to  bear.  The  “Flattened  Strand  Eope” 
lately  introduced,  presenting  a  much  greater  wearing  surface,  is  an  im¬ 
provement  on  the  common  round  cable.  The  wheels  of  the  carriage,  for¬ 
merly  of  cast  iron  and  wearing  out  in  two  months,  are  now  made  of  cast 


Fig.  40.  Brown  Horseshoe  Furnace. 

Transverse  section  through  fire  box  and  roasting  hearth. 


steel  and  last  about  four  months.  The  cast  iron  plows  last  from  four  to 
five  times  as  long  as  those  made  of  steel  plate. 

The  furnace  just  described  has  a  hearth  135  ft.  long  and  8  ft.  'vl(lc- 
giving  an  area  of  1080  sq.  ft.  Its  inner  diameter  is  41  ft.  10  in.  and  1* 
outer  diameter  08  ft.  2  in.  The  fireplaces  project  5  ft.  2  in.;  thereto^ 
a  floor  space  of  6162  sq.  ft.  is  required.  The  total  height  of  the  furnace 
0  ft.  The  grates  of  the  fire  boxes  are  3X5  ft.,  making  the  ratio  between 
the  total  grate  area  and  the  hearth  area  1 :  24.  The  materials  required 
such  a  furnace  are:  Iron  work,  not  including  buekstays,  35.000  lb.:  buC'- 
stays,  20.000  lb.;  iron  chimney,  42  in.  diameter  and  80  ft.  high,  include? 
base  plate,  5200  lb. ;  red  brick,  00,000 ;  standard  fire  brick,  4500 : 
fire  brick  and  tiling,  12-5  tons.  The  cost  of  the  iron  work  f.  0.  b.  Chica?0 
in  1808  was  $3500  and  the  total  cost  of  the  furnace  erected,  $7000. 
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The  Brown  horseshoe  furnaces  employed  for  roasting  blende  at  Collin, 
ville,  Ill.,  are  55  ft.  in  diameter,  measuring  to  the  center  line  of  the  hearth 
and  have  an  effective  roasting  area  of  8  ft.  wide  and  135  ft.  long.  0r  10, so 
sq.  ft.  There  are  four  fire  boxes,  arranged  for  burning  slack  coal,  the  com¬ 
bined  grate  area  being  48  sq.  ft.  or  1  sq.  ft.  per  22-5  sq.  ft.  cf  hearth  area. 
The  stirring  mechanism  consists  of  two  carriages  drawn  by  a  continuously 
running  rope,  the  rabbles  on  each  being  set  alternately.  The  ore  to  be 
roasted,  crushed  to  about  12-mesh  size,  averages  58%  Zn!  28  to  30%  S  and 
1%  Pb,  besides  a  small  percentage  of  iron.  The  ore  is  fed  on  an  extension 
of  the  furnace  health,  outside  of  the  end  doors,  the  feed  being  regulated  by 


means  of  a  weighted  lever  rateW  t 

ore  is  fed  with  the  passing  of  .  i  '  n<  ?aw  '  ^  predetermined  quantity 

falls,  throwing  the  pawl  out  '  carriage,  after  which  the  weighted  le 
mechanism  is  put  jn  mot}  '  far  and  stopping  the  feed.  The  f 
canvas  hose,  the  bottom  of  ore  is  fed  througl 

12  m.  wide  and  the  full  width  of  tl  Mnth  a  sheet  metal  thimble  ah' 
^  maans  a  lever  ^  *  len^  This  hose  is  lif 

pasN  and  falls  behind  the'earri a  cT* ^ 'Y™ ’  S°  as  to  allow  tlle  carriage 

metal  bottom  cutting  into  the  bed  of  ^  b°f°re  the  feed  commences,  1 

a  dus‘-^ht  ioint.  All  tholS  anlrr  *]"  ,’°arth  "ni1  “  form 

u  ^roPping  of  dry  ore  is  retail 
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in  the  hose  and  settled  before  the  next  charge,  making  practically  a  dust¬ 
less  feed. 

The  ore  enters  the  furnace  chamber  immediately  under  the  flue  to  the 
chimney.  The  temperature  of  the  escaping  gases  at  that  point  is  about  427° 
C.  (800°  F.),  it  having  been  found  best  to  start  with  a  high  initial  tempera¬ 
ture.  The  ore  attains  red  heat  after  traveling  about  10  ft.  in  the  furnace, 


which  occupies  about  1*5  hour.  The  progress  in  desulphurization  and  the 
temperatures  attained  in  this  furnace  were  stated  in  Chapter  III.  The 
quantity  of  raw  ore  roasted  in  24  hours  is  11  to  12  tons,  the  consumption  of 
coal  being  9  to  10  tons  per  24  hours,  i.e.,  about  831/3%  of  the  weight  ol  the 
raw  ore.  The  coal  is  slack  of  inferior  quality.  One  man  per  shift  of  12 
hours,  paid  $2-50,  attends  to  a  furnace.1  The  cost  of  power,  repairs  and 
renewals,  and  miscellaneous  supplies  is  said  to  come  to  about  25 c.  per  ton 
of  ore.2  The  cables  last  an  average  of  eight  months,  and  the  cast  iron  rab  i  e 


In  the  more  recent  practice  the  furnace- 
'*  n  have  worked  eight-hour  shifts,  being 
paid  U-eo  therefor. 


2  The  care  of  four  furnaces  occupies  a 
smith  most  of  his  time. 
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shoes  about  four  months.  After  four  years’  use  the  tracks  showed  no 
material  deterioration.  At  the  Collinsville  works  there  are  four  of  these 
furnaces,  with  one  chimney  for  each  pair. 

At  the  Glendale  works  of  the  Edgar  Zinc  Co.  at  Carondelet,  near  St. 
Louis,  a  Brown  horseshoe  furnace  of  the  same  dimensions  as  those  at  Col¬ 
linsville.  puts  through  11  to  12-5  tons  of  ore  assaying  30%  S  per  21  hours, 
which  is  roasted  down  to  0-5%  to  0-7%  S  with  a  coal  consumption  of 
of  the  weight  of  the  raw  ore.  The  chimney  which  serves  the 
Glendale  furnace  is  36X36  in.  at  the  top  and  90  ft.  high.  The  furnace 
crew  per  12  hours  consists  of  one  roaster  and  one  trammer.  At  the  Cherry- 
\ok  works  of  the  Edgar  Zinc  Co.  there  are  three  horseshoe  furnaces,  each 
of  2422  sq.  ft.  hearth  area,  which  are  heated  by  natural  gas. 


Fig.  47.  Cappeau  Furnace. 


Cappeau  Furnace.— Joseph  P.  Cappeau,  general  manager  of  the  Lanyon 
<’m'  roC(  ntl-v  Patented  a  mechanical  roasting  furnace,  an  example  of 
which  is  in  use  at  one  of  the  lola  works  of  that  company.  This  furnace  is 
more  or  less  a  modification  of  the  Ropp.  The  chief  differences  are  that  the 
roasting  chamber  is  like  a  long  box  supported  on  posts,  leaving  the  lower 
side  of  the  hearth  exposed  to  the  air,  and  the  admission  of  air  through 
the  longitudinal  slot  is  regulated  by  means  of  adjustable  gates,  which  arc 
pivoted  so  as  to  be  pushed  sidewise  in  order  to  permit  the  passage  of  the 
rake  arm,  afterward  dropping  hack  to  their  normal  position  according  to  the 
adjustment.  The  general  appearance  of  the  furnace  is  shown  in  the^accom- 
panving  engraving.  The  patent  specifications  claim :  “A  roasting  furnace 
comprising  a  hearth  supported  on  standards  to  permit  free  circulation  of 
air  beneath  the  floor  of  said  hearth,  an  opening  in  said  floor  for  permitting 


Fig.  4G.  Brown  Horsesiiof.  Furnace  in  Course  of  Construction  at  Ciierryvale.  Kan. 
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the  passage  of  air  into  the  hearth,  and  adjustable  means  for  controlling  the 
passage  of  air  through  said  opening.”1 

Davis  Furnace.— This  is  a  long,  one  hearth  reverberatory,  heated  by 
lateral  fireplaces.  On  each  side  of  the  hearth  there  are  pockets  in  which 
spur  wheels  are  set  on  short  horizontal  shafts,  the  latter  being  parallel  with 
transverse  lines  through  the  furnace.  Outside  of  the  furnace,  a  bevel  gear 
on  the  end  of  each  oi  the  short  shatts  meshes  with  a  pinion  on  a  main  driv¬ 
ing  shaft,  which  is  parallel  with  the  longitudinal  axis  of  the  furnace.  The 
rabble  consists  of  a  rake  with  adjustable  teeth,  which  is  fixed  between  long 
side  bars  at  each  end.  1  hese  side  bars  have  on  their  lower  sides  long  racks, 
which  engage  with  the  spur  wheels  above  referred  to.  Consequently,  when 
the  spur  wheels  are  turned  by  means  of  the  driving  shaft,  outside  of  the 
furnace,  the  rabble  is  caused  to  travel  forward.  At  the  end  of  the  forward 
movement,  the  direction  of  revolution  of  the  driving  shaft  is  automatically 
reversed  and  the  rabble  is  thereby  caused  to  move  backward,  the  rake  blades 
being  then  turned  to  a  horizontal  position.  The  rabble  remains  always  in 
the  furnace.  It  consists  of  the  two  side  bars,  which  are  open  at  the  top, 
like  troughs,  and  three  hollow  tranverse  bars,  the  middle  one  bearing  the 
rakes.  The  side  bars  and  the  transverse  bars  are  kept  full  of  water,  the  loss 
by  evaporation  being  automatically  made  good  after  every  trip  through  the 
fire.  The  rakes  are  set  so  as  to  insure  a  thorough  stirring  of  the  ore  and 
the  rabble  is  so  designed  as  to  prevent  any  pinching  of  the  racks  with  the 
spur  wheels  upon  which  they  travel. 

This  furnace,  which  is  built  by  the  F.  M.  Davis  Iron  Works  Co.,  of  Den¬ 
ver,  Col.,  is  to  be  given  a  trial  for  blende  roasting  at  the  works  of  the  Lanyon 
Bros.  Spelter  Co.  at  Neodesha,  Kan.  The  hearth  dimensions  are  150  ft.X 
12  ft.,  giving  an  area  of  1800  sq.  ft.  In  the  construction  of  the  furnace 
there  will  be  used  65,000  lb.  of  iron  work,  100,000  red  brick,  42,000  fire 
brick,  55  bbl.  of  cement,  150  bushels  of  lime,  43  cu.  yd.  of  sand  and  20,000 
lb.  of  fire  clay. 

Hall  Furnace. — This  is  a  recently  patented  furnace-  which  may  be  con¬ 
sidered  as  a  modification  of  the  Wethey,  the  stirring  carriage  traveling  on 
vails  outside  of  the  furnace,  but  the  slot  through  which  the  horizontal  arm 
passes  is  water-sealed,  instead  of  being  closed  by  tripping  gates.  On  each 
side  of  the  hearth  there  is  an  iron  water  trough.  The  skewbacks  of  the  arch 
are  carried  by  cast  iron  angle  beams,  bolted  to  the  buckstaves,  and  from  the 


1 T  nited  States  patent  No.  691,112,  Jan. 
H  1902.  It  Is  reported  that  all  of  the  Ropp 
urnaees  of  the  Lanyon  Zinc  Co.  are  being 

*  tered  to  conform  to  this  new  design,  which 

*  obviously  intended  to  evade  the  Brown 


patents,  of  which  the  Ropp  has  been  de¬ 
clared  to  be  an  infringement. 

=  Beniamin  Hall,  Tnited  States  patent  No. 
677,510,  July  2,  1901. 
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bottom  of  the  latter  there  is  a  vertical  flange  which  dips  into  the  water  in 
the  trough.  The  ends  of  the  horizontal  rake  arm  are  bent  down  in  U  shape 
so  as  to  pass  through  the  trough,  under  the  downward  projecting  flange! 
The  roasting  chamber  is  thus  sealed  perfectly  on  the  sides. 

Keller  Furnace. — This  furnace  is  a  modification  of  the  Spenoe.  It  consists 
of  two  five-hearth  kilns,  which  are  built  8  ft.  apart,  measuring  between  oppo¬ 
site  walls.  The  hearths  are  21  ft.  5  in.  long  and  fi  ft.  3  in.  wide.  The  hearths 
are  3  ft.  apart  vertically.  They  are  built  of  red  brick,  as  indeed  the  whole 


Fig.  48. 


Keller  Furnace. 


It  is  20  Tn^fromthc1 hearth^oT” iS  8  in‘  thick  at  the  centcr‘ 
The  surface  of  the  hearths  is  levdecfoff  w>t  the  latter  rises  8  in> 

of  the  furnace  is  used  as  a  dr  ■'  „i  >  W1^ 1  sa^d,  ashes  or  ore.  The  top 

mechanism  like  those  for  the  hearths  below  ^  provided  with  a  rakiu° 

furnace,  but  only  the  rakes  pm,!!!"'1  ^  f.°rWard  and  b»ck,  as  in  the  Spence 
porting  carriage  being  outside  whl^r  the  r°astinS  chambers,  the  sup- 
in  the  side  wall.  This  is  nroviO  i  i°  ooln'so  necessitates  a  horizontal  slot 

•  Provided  by  building  the  walls  of  the  pair  of 
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furnaces,  which  face  each  other,  in  sections  against  24  in.  I  beams,  one  of 
the  latter  to  each  hearth.  The  skewback  of  each  arch  rests  on  the  lower 
flange  of  the  I  beam  and  the  wall  is  built  up  to  the  upper  flange.  The 
24  in.  I  beams  are  supported  at  the  ends  of  the  furnace  on  12  in.  I  beams 
built  into  the  end  walls ;  they  receive  additional  support  from  the  cast  iron 
columns  li.  There  is  thus  formed  a  continuous  slot,  corresponding  to  each 
hearth,  in  each  inner  wall  of  the  furnace. 

The  rake  carriages,  one  for  each  pair  of  hearths  of  the  same  level,  travel 
on  rails  supported  by  a  steel  framework  between  the  two  furnaces.  A 
stirring  arm  projects  into  the  hearth  rooms  on  each  side.  The  arms  are 
made  of  4  in.  wrought  iron  pipe  and  may  be  cooled  internally  either  by  air 
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Fig.  49.  Keller  Furnace. 


or  by  water.  Two  sets  of  rakes,  180°  apart,  are  fixed  to  each  arm,  the 
purpose  of  this  is  explained  further  on.  The  carriages  are  moved  by  wire 
ropes,  which  pass  over  the  necessary  sheaves  and  thence  to  a  large  dri\ing 
wheel,  on  the  same  shaft  with  a  pinion  that  receives  reciprocal  motion  from 

a  rack  actuated  by  a  hydraulic  piston. 

The  rake  arms  with  their  plows  are  turned  by  an  ingenious  mechanism 
*  so  that  the  plows  dig  into  the  ore  only  when  moving  in  the  direction  that 
the  ore  has  to  go.  At  each  end  of  the  furnace  a  four-point  star  wheel  on 
the  carriage  strikes  a  tumbler,  which  turns  the  arms  90  .  Consequently, 
when  the  plows  have  furrowed  through  the  ore  in  moving  forward,  they  go 
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backward  in  a  horizontal  position  over  the  ore.  The  plows  on  each  side 
of  the  rake  arm  arc  used  alternately  and  they  are  set  so  that  each  time  they 
turn  down  the  furrows  of  the  previous  movement. 

The  slots  in  the  side  walls  of  the  furnace  are  closed  by  steel  bands,  wound 
and  unwound  on  and  from  pulleys  at  each  end  of  the  furnace  by  the 
movement  of  the  rake  carriage;  the  pulleys  are  governed  by  springs  so  as 
to  keep  the  bands  taut  and  the  winding  is  assisted  by  counterweights. 
Otherwise,  the  slots  arc  closed  by  tripping  doors  as  in  the  Wethey  furnace. 
In  the  opposite  walls  of  each  hearth  chamber  there  are  doors,  which  give 
access  to  it  when  repairs  have  to  be  made. 

Each  one  of  the  pair  of  furnaces  has  a  fireplace  with  grate  2-5X1  ft-  The 
flames  rise  through  a  vertical  flue  in  the  end  wall  and  pass  over  the  upper¬ 
most  hearth;  thence  through  a  vertical  flue  in  the  opposite  end  wall  into  a 
flue  beneath  the  lowest  hearth  and  from  there  to  the  chimney.  This  is  only 
to  ignite  more  quickly  the  cold  ore;  after  it  is  once  well  afire  it  (if  pyrites) 
bums  out  sufficiently  for  the  purposes  of  copper  smelting.  To  effect  a 
dead  roast  it  would  be  of  course  entirely  feasible  to  cause  the  flames  first  to 
traverse  the  lowest  hearth.  This  furnace  has  not  yet  been  used  for  blende 
roasting,  but  lias  given  excellent  results  with  copper  ore. 

The  Keller  furnace  (double)  has  a  total  hearth  area  of  1340  sq.  ft.  It 
costs  $10, 000@  $12,000,  there  being  required  in  its  construction  130,000  lb. 
of  iron,  100,000  red  brick  and  200  fire  brick.  It  requires  2  to  3  h.  p.  One 
man  per  shift  can  attend  to  three  furnaces.  The  repairs  and  renew  alt-,  of 
which  the  chief  item  is  plow  blades,  are  very  light,  amounting  to  onh  about 
$500  per  annum. 

Pearce  Furnace } — The  Pearce  "turret”  furnace  is  an  annular  reverbera¬ 
tory,  like  the  Brown  "horseshoe,”  but  its  diameter  is  less  and  its  construc¬ 
tion  and  method  of  raking  the  ore  charge  are  radically  different.  A  seg¬ 
ment  of  the  hearth  circle  is  left  uncovered ;  at  that  point  the  roasted  ore  is 
discharged. 

In  the  center  of  the  circle,  stands  an  iron  column,  which  acts  as  a  vertica 
axle  for  the  revolving  framework,  which  carries  four  pipe  arms,  radiating 
horizontally  from  the  column  and  projecting  through  the  inner  wall  ol 
the  hearth.  On  the  end  of  the  pipe  arms  are  blades  for  the  rab  >  mg  o 
the  ore.  To  provide  for  the  unobstructed  sw'eep  of  tin-  pip(  a  rim,  it  m 
wall  of  the  hearth  must  have  a  continuous  slot.  This  is  aecomp  r  10 
hanging  the  supports  for  the  inner  circumference  of  the  furnace  arc  i 
beams,  which  rest,  one  end  on  the  central  column  and  the  other  on  t  ic 
°uter  wall  of  the  furnace.  The  slot  through  which  the  pipe  arms  projec  i> 

1  This  furnace  is  built  by  the  Stearns- Roger  Mfg.  Co.,  of  Denver,  Colo. 
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covered  with  a  sheet  steel  shield,  fastened  to  and  rotating  with  the  pip,.  arm 
The  hrick  work  is  braced  from  the  inner  wall  to  the  central  column T' 
radial  I  beam  struts  and  the  outer  wall  is  encircled  by  steel  bands.  Th 
frame  carrying  the  arms  is  rotated  by  cog  gearing.  At  one  end  of  the 
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cnee  the  entering  flame  being  controlled  and  directed  by  curtain  arches. 
The  fireplaces  are  built  to  burn  coal,  wood,  oil,  or  gas.  Under  the  hearth, 
the  space  may  be  utilized  as  a  dust  flue. 

It  is  obvious  that  the  construction  of  the  Pearce  furnace  permits  multipli¬ 
cation  in  the  number  of  hearths,  but  so  far  nothing  beyond  a  two-hearth 
furnace  has  been  built,  and  it  would  probably  be  not  advantageous  to  increase 
the  number  further,  although  the  two-hearth  furnace  is  undoubtedly  more 
economical  in  fuel  than  the  single  hearth. 

The  Pearce  furnace  is  built  in  three  sizes:  (1)  36  ft.  in  diameter  out¬ 
side,  hearth  6  ft.  wide  and  505  sq.  ft.  effective  roasting  area;  (2)  38  ft. 
diameter,  7  ft.  width  of  hearth  and  609  sq.  ft.  area;  (3)  40  ft.  diameter, 
8  ft.  width  of  hearth  and  788  sq.  ft.  area.  The  double  hearth  furnaces  have 
twice  the  hearth  area  of  the  single  furnaces.  The  fireplaces  project 
6  ft.,  so  the  36  ft.  furnace  requires  floor  space  of  36X42  ft.  The 
single  hearth  furnace  is  11  ft.  high;  the  double  hearth  16  ft.  6  in.  The 
single  hearth,  36  ft.  furnace  contains  10.000  lb.  of  iron,  65,000  red  brick  and 
3500  fire  brick.  Before  the  rise  in  the  prices  of  material  in  1899  its  cost 
erected  at  Denver,  Colo.,  was  $5500(5  $6500,  including  royalties.  The  38  ft. 
furnace  requires  50,000  lb.  of  iron,  90.000  red  brick  and  4000  fire  brick. 
The  high  prices  of  1899  increased  the  cost  considerably,  probably  as  much 
as  25%.  A  two-hearth  38  ft.  furnace  if  erected  in  Kansas  or  Missouri  in 
1899  would  doubtless  have  cost  $12,000;  a  two-hearth  40  ft.  furnace, 
$15,000.  These  estimates  do  not  include  dust  chamber,  chimney,  engine, 
or  houses.  A  plant  of  four  40  ft.  furnaces  would  require  a  building  a  ou 

200X60  ft.,  the  furnaces  being  set  in  one  row. 

In  the  latest  designs  of  the  Pearce  furnace  the  dust  chamber  unc  er  le 
hearth  has  been  abandoned,  the  furnace  being  built  solidly  to  the  heart  , 
thus  reducing  the  cost  somewhat.  Instead  of  four  rake  aims  on  }  two  now 
extend  into  the  furnace,  the  other  two  being  held  in  reserve.  The  fireplaces 
are  provided  with  flat  grates  or  step  grates,  according  to  the  character  o  t  e 

coal  used.  There  are  usually  three  fireplaces.  .  _ 

The  stirring  mechanism  of  the  Pearce  furnace  is  very  simp  e.  m  arms 
extending  from  the  central  axis  are  made  of  two  pieces  of  5  m.  pipe,  the 
outer  extension  bearing  the  rakes.  The  latter  are  made  in  two  orm. , 
namely,  rectangular  sections  of  steel  plate,  14  thick,  set  \e  ica  y 

on  an  angle  with  the  line  of  the  arms ;  or  pieces  of  bar  iron  set  vertically 
and  clamped  to  the  arms.  When  necessary  to  replace  worn-out  rakes  the 
section  of  the  arm  which  carries  them  is  exchanged  for  another  previously 
prepared,  the  operation  requiring  only  a  few  minutes.  Tin  rake.''  arc 
graduated  in  length  and  direction  from  the  inner  to  the  outer  circle,  so 
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that  the  oro  on  the  outer  circle,  which  has  to  travel  a  greater  distance  m  u 
remain  in  line  with  that  near  the  inner  circle.  Croat  care  is  required in 
setting  the  rakes,  since  any  wrong  adjustment  would  tend  to  throw  the  ore 
outward  or  inward  and  an  imperfect  roasting  would  he  the  result.  The 
slot  through  which  the  arms  sweep  is  closed  by  a  band  of  sheet  steel.  12  jn 
wide,  which  is  carried  by  the  arms  themselves  and  pressed  against  the  slot 

by  weighted  hell  cranks  attached  to  a  circular  angle  iron  also  carried  bv  the 
rake  arms. 

The  rakes  move  at  an  average  speed  of  75  ft.  per  minute,  measured  on 
the  middle  lme  of  the  hearth,  wherefore  in  the  36  ft.  furnace  they  make 
one  revolution  in  53  seconds  and  cause  the  ore  to  be  stirred  once  in  20-5 
f00,  1 7.foea  of  oro  from  supply  hopper  is  controlled  bv  a  mechan- 

“  ,Mi,i  drivin«  shaft  of  the  furnace.  Tim  rake  after 

arriv  ^  nVt  '  W  °1H'1UU^  m  the  uncovered  segment  of  the  hearth, 

hearth  K  K  ™  “  Y  **  SP"*ds  *  out>  and  passes  into  the  covered 
ra~  t»  , 15  lYU  iron*  aoor.  By  an  ingenious  ar¬ 

chamber  i'  *aiTW'  ir0USr^  t,u'l)orts  *n  tlm  rake  arms  into  the  hearth 
l  U  l!  11  !ho  P°int  where  the  ore  is  beginning  to 

of  the  ore.1  '  C0Uiparativel.v  co,d  a>r  would  retard  the  heating 

ie  labor  nf . Y1!0*  fr0m  2  to  5  ,K  P->  according  to  size,  and 


the  labor  of  one  man  per  12  hour  t  „  “*  P’  ac00rdm*  to  sizo’  «nd 
40  ft.  furnace  as  w  -11  10  ls  a,),e  to  attend  to  a  double  hearth 

shift  mav  attend  to  tw  /f  u'art,v  M'  ft*  furnace;  indeed,  one  man  per 

machinery,  stoke  the  fire^anT  ' ^  'V°rk  1>0  done  l>oin-?  to  oil  the 
comprising  ^  ™  lw‘ 

«“J  «»«««  »ke  arms  oner  a  v«  t|  ^  T  four  t0  sij  'v,rks 
lubri«ti«n  of  the  machinery  willl, ~  of  oil  requirc-d  for 

ore  and  may  be  a  good  deal  less.  ‘  °V°r  excced  °'0-5  gallon  per  ton  of 
At  the  works  of  the  Eiuniro 

Bcaree  furnace,  1218  sn  ft  i.  !  a*  ,T°plin.  Mo.,  a  two-hearth  38  ft. 
O..000  It,)  of  hlende  a^vL  lm  C'  !~t'd  10  to  11  to 

flu-  furnaoo  was  attend,,]  hv  on  '  r  S  10  *tl8s  *  loin  1%  S  per  24  hours, 
aoutde  hearth  f„rna„- Is  snlit,:  ' IT*,!?.  *”*•  The  construction  of  the 
At  Joplin  there  were  three  fm-nln^J  v’Um  as  *,)at  of  the  single  hearth, 
employed.  S  or  000,1  hearth  and  stop  grates  were 
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cable,  moving  the  ore  steadily  from  the  feed  to  the  discharge  end.  Fire 
boxes  are  disposed  at  intervals  along  the  sides  of  the  furnace  in  order  to 
maintain  the  requisite  temperature  throughout  the  great  length  of  the 
hearth.  Ropp’s  inventions  pertain  especially  to  the  structural  details  of  the 
furnace;  the  fundamental  principle  being  common  to  several  mechanical 
roasting  furnaces.  The  Ropp  furnace  has  the  merits  of  simplicity  in  mech¬ 
anism,  moderate  first  cost  and  small  cost  of  operation  (including  repairs). 

The  furnace  is  built  up  from  its  foundations  much  the  same  as  an  ordi¬ 
nary  long  reverberatory  furnace,  but  under  the  hearth  there  is  made  a 
longitudinal  tunnel  which  communicates  with  the  chamber  above  the  hearth 
by  a  slot  1*5  in.  wide.  A  continuous  tramway  passes  to  one  side  of  the 
furnace  and  through  the  tunnel  under  the  hearth.  On  this  tramway  run 
a  series  of  four-wheel  trucks,  disposed  equidistantly  apart  on  the  endless 


cable  by  which  the)’'  are  drawn,  each  truck  having  a  i  ertical  arm,  w  ic 
protrudes  through  the  slot  in  the  hearth  of  the  furnace  uhen  the  car  is  in 
die  tunnel  and  carries  a  horizontal  rake  over  the  hearth,  tin  rave  K^no 
of  the  same  width  as  the  latter;  the  plows  or  blades  of  the  rake  are  se  a^ 
an  angle  of  45°.  The  rake  enters  the  furnace  at  the  feed  end,  moves  the 
ore  forward  slowly  and  discharges  it  at  the  other  end  into  a  ear  or  u  let 
barrow.  The  ends  of  the  furnace  are  closed  by  swinging  iion  dooit>,  u  m 
are  automatically  pushed  up  by  the  rake  when  passing  through.  On  leaving 
the  furnace  the  truck  and  rake  pass  around  on  the  outside  section  o 
tramway  and  reenter  at  the  feed  end.  In  the  tunnel  there  is  sufficient  room 
under  the  tramway  for  a  man  to  enter  to  make  any  repairs  that  may 
accessary.  The  traction  rope,  which  is  of  steel  wire  and  *'/$  in.  diameter 
passes  around  large  horizontal  sheaves  at  each  end  of  the  furnace,  power 
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bejng  communicated  to  one  of  them  through  a  bevel  gearing  and  spur  gear- 
in*  from  a  horizontal  shaft.  The  latter  makes  75  r.  p.  m.,  which  by  the 
two  sets  of  gearing  is  reduced  to  1-63  r.  p.  m.  for  the  rope  sheaves.  The 
distance  traveled  by  the  rope,  truck  and  rake  in  the  open  air  is  about  1*5 
times  as  long  as  in  the  furnace,  so  the  various  parts  exposed  to  high  heat 
have  time  to  cool.  The  rope  does  not  bceome  hotter  than  the  hand  can  bear 
and  lasts  from  18  to  20  months.  The  ore  is  fed  regularly  into  the  furnace 
bv  means  of  a  pair  of  Hendy  Challenge  feeders,  but,  of  course,  any  other 
mechanical  feeding  device  may  he  used  if  desired.  The  heat  is  supplied 
from  fireplaces  along  the  side  of  the  furnace,  which  have  each  a  perforated 
fire  bridge  to  insure  complete  combustion  with  air  preheated  in  the  side 
walls.  Along  the  sides  of  the  furnace  there  are  openings  through  which 
the  admission  of  air  may  be  regulated  and  the  process  ol  roasting  observed. 
When  the  furnace  is  heated  by  natural  gas,  as  at.  Tola  and  La  Harpe,  Ivan., 


Fig.  55.  Fopp  Furnace. 

Elevation  of  discharge  end. 


the  burners  are  protruded  through  these  openings  and  there  arc  no  flu  i  l<v 
The  products  of  combustion  pass  off  to  the  chimney  through  a  flue  near  the 

feed  end  of  the  furnace.  .  f ,  .1 

The  method  of  buckstaying  and  tieing  the  furnace  will  >e  seen  i 
accompanying  engravings.  Expansion  and  contraction,  v\hic  i  is  a  very^ 
portant  consideration  in  such  a  long  furnace,  is  provided  foi  b\  (  a  i<  m» 
furnace  into  sections,  interposed  between  which  and  forming  a  con  in 
°f  the  main  side  walls  are  iron  channel  bars  made  to  slide  one  vi 1  1111 
f|ther,  but  overlapping  so  as  to  give  lateral  stability,  to  the  wa  * 
nuts  each  section  of  the  furnace  to  expand  or  contract  me  epom  cn  •  ’  , 

the  proper  form  of  the  structure  is  preserved.  Similar  provision  i 
for  the  hearth  and  roof. 

The  Fopp  furnace  is  built  in  various  sizes,  150X14 
the  most  common.  Other  sizes  are  50 ^ 
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ft.,  132X14  ft.  and  159X14  ft.  The  cost  of  the  iron  work  of  the  100X14 
ft.  and  150X14  ft.  furnaces,  f.  o.  b.  San  Francisco,  and  the  quantity  of 
brick  and  other  material  required  were  reported  by  the  manufacturer,  early 
in  1899,  as  follows : 


Item. 

100  ft.  x  14  ft. 

150  ft.  v  14  ft. 

Quantity. 

Cost. 

Quantity. 

Cost. 

Iron  work,  exclusive  of  buckstays  a . . . 

Buckstavs,  6"  I  beams,  12 1  lb.  per  ft. 

Bed  brick . 

71,600  lb. 
8,400  “ 
126,000 
3,700 
3,300 

90  bbls. 

25  “ 

S5,800 

200 

83.500  lb. 

10.500  “ 
175,000 

4.500 

6.500 

145  bbls. 

45  “ 

$6,200 

240 

Fire  brick,  standard . 

“  arch . 

Lime . 

Fire  clay . 

a  Includes  traction  rope,  and  two  iron  frame,  automatic  ore  feeders. 


In  June,  1899,  the  cost  of  the  iron  work  had  increased  15%  upon  the 
figures  quoted  above.  Inventor’s  royalt}"  is  included  in  the  cost  of  the  iron 
work.  The  cost  of  labor  for  erecting  a  150  X 14  ft.  furnace  may  be  reckoned 


^uunace. 

ertical  section  on  line  C  D  of  Fig  51 

about  $850.  The  t  ' 

$8000(5  $9000,  according  to  the^ritef  f  fUrnaee  coniPlete  will  probi 
The  100X14  ft  f,  *  pnces  for  material; 

the  150X14  ft  f,l  Ce/Cquircs  a  chimney  4yi  *  • 

^  it.  iurnace  should  havo  «  J  4  *4  ft.  in  area  : 

1  have  a  chimney  4  ft.  6  in.X4  ft.  6  in 
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manufacturer  of  the  furnace  recommends  that  the  flue  area  be  made  about 
25%  larger  than  the  chimney  area.  The  100 XU  ft.  furnace  for  coal  firing 
has  three  fireplaces  and  four  rake  cars;  the  150X11  ft.  furnace  has  four 
fireplaces  and  six  rake  cars. 

The  right  to  the  use  of  the  Ropp  furnace  for  blende  roasting  in  Kansas 
and  Missouri  is  controlled  by  the  Lanyon  Zinc  Co.,  which  has  a  large  num¬ 
ber  of  them  in  use  at  its  works  at  lola  and  La  Harpe.1  The  furnaces  there 
are  of  standard  construction,  except  that  there  are  no  fire  boxes,  natural  gas 
being  employed  as  fuel ;  only  one  rake  car  is  used,  which  after  being  run 
through  the  furnace  is  stopped  on  the  return  track  and  allowed  to  cool; 
and  the  slot  irons  were  faced  with  tiling  in  accordance  with  the  wishes  of 
the  managers  of  the  works,  though  the  manufacturer  considers  this  an 
unnecessary  precaution  even  in  view  of  the  high  heat  attained  in  blende 
roasting. 

The  cost  of  roasting  with  the  Ropp  furnace  is  low  inasmuch  as  one  man 
per  12  hours  can  easily  do  all  the  work  about  it  that  is  required.  The  co^t 
of  delivering  the  ore  into  the  feed  hoppers  and  taking  it  away  from  the 
discharge  end  will  depend  of  course  upon  the  manner  in  which  that  work 
is  systematized.  The  bill  for  repairs  is  comparatively  light  since  the  cable 
and  the  rakes  are  exposed  to  high  heat  only  part  of  the  time.  Ihe  former 
may  be  expected  to  last  18  to  20  months  and  the  latter  10  to  12  months. 
The  150X14  ft.  furnace  requires  0  h.  p.  There  are  no  available  data  as  to 
the  consumption  of  fuel  required  in  blende  roasting.  The  furnaces  of  the 
Lanyon  Zinc  Co.,  which  are  150X14  ft.,  roast  per  24  hours  from  18  to  21 
tons  of  raw  blende  assaying  about  30%  S,  yielding  15  to  17*5  tons  o 

product  assaying  0*75%  to  0*9%  S.  . 

Lata  as  to  Ropp  furnaces  of  various  dimensions  are  summarize  m  e 
following  table: 


l^mensions  of  hearth . 

dearth  area,  deducting  slot.  . 

^  umber  of  fireplaces . 

f^ngth  of  single  grate  a . 

r*idth  of  single  grate  a . 

jrate  area,  square  feet  a . 

static >  hearth  to  grate  area  b. . 

^umber  of  rakes . 

‘  Umber  of  teeth  per  rake .  .  . 

circuit,  minutes . 

.  e  stirred  every  (seconds)  .. . 

orse  power  required . 

dumber  of  men  per  12  hours. 


105  ft.  X  11  ft* 
1,120  sq.  ft. 

3 

4  ft.  6  in. 

4  ft. 

18 

64:1 

4 

26 

35 

52 

4 

K  or  1 


100  ft.  X  14  ft. 
1,367  sq.ft. 

3 

5  ft. 

4  ft. 

20 

70:1 

4 
32 
3’5 
53 

5 

MS  or  1 


150  ft.  X  14  ft. 
2,050  sq.  ft. 

4 

5  ft. 

4  ft. 

20 

105:1 

6 

32 

5*3 

53 

6 

M  or  1 


^^cseTfirnensiori s  would  be  increased  for  a  blende  roasting  furnace  or  t ^^heT  °f  fireplaces  would 

be  increased,  b  This  ratio  would  be  diminished. _ 

1  These  have  lately  been  altered  into  Oappeau  furnaces  (vide  the  foot-note  to  p. 

the  foot-note  to  p.  85). 
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Ross  &  Welter  Furnace—  The*  Uoss  &  Welter  furnace.1  which  v 
employed  at  Oberhausen,  Germany,  consisted  of  three  superimposed^ 
of  which  the  upper  two  were  circular  and  the  lowest  was  rcctammif ,  7’ 
that  of  the  ordinary  reverberatory  furnace.  The  ore  on  the  circular  hi  ? 
was  stirred  by  rabbles  secured  to  a  sleeve,  through  which  passed  'a 
10I  o"  cast  iron  shaft.  The  latter  was  driven  by  a  suitable  bevel  «,arin, 
making  one  revolution  per  minute.  Air  was  made  to  pass  through  the 
hohow  shaft  ,n  order  to  cool  it.  On  the  lowest  hearth  the  ore  was  moved 
forward  by  hand.  With  this  furnace  one  man  per  shift  was  able  to  road 


urn 


Dust  Chamber 


"rhrtr+rrh 


•  I  \ 


Rectangular  Hearth 


Sxsv 


Grate 


Feed  Hopper 


^  VVW^VVVv'  ^ 

3000  t  .  , ,  '  R0SS  &  w«™«*  Fubkaoe. 

cUOO  kg.  of  blende  ner  9±  l 

The  hearth  area  was  22  so  *  COnsumPtion  of  ‘50  ^  of 

The  rate  of  roasting  was  therpfn  *'  S<1‘  aU(1  tlle  £rate  area  14  sq 
per  24  hours.  *  thGref°re  approximately  28  lb.  per  sq.  ft.  of  lu 

invented  soine  20 ^elr^a^inn  adaptation  of  the  McDougal,  which 

when  the  mechanical  imnrnv  K  ^  come  into  extensive  use  until  recei 
Evans,  Trout  and  others  developed  f  Ho™shoff.  O’Brien,  Klepetk 
efficient  in  the  roastinu  of  nvril,  ,°™s  'r'nch  have  proved  to  be  hi: 

yieille  Montagnf  S°T  0K'S- 

tagne  patented  a  mechanic,  roasti!^  Anon-vme  do  la  Vieille  M 
f  '  elter>  except  that  it  had  th.  *  f"rnaco  r,,r.V  niuch  like  that  of  I 

i«>gn  is  illustrated  in  the  a«omp?.C'rCU,ar  hoartI’s  instead  of  two. 

’ Mr-  Rors  was  director  0f  th  ln-  engraving.  The  products  of  o 

the  Society  \„,m.  ror  of  the  works  of 

taene  at  Oberhausen!  and  w  V^,1,e  Mon-  at’obSh^  there‘  The  blende  roastimr  1' 

Welter  wag  2  p  * ' _lla*lsou  ^  an  important  one. 

a  tier,  Annales  des  Mines,  VII. 
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bastion  pass  over  the  rectangular  hearth  and  back  and  forth  over  the  cir¬ 
cular  hearths  in  the  direction  shown  by  the  arrows,  escaping  from  the 
uppermost  health  into  a  dust  chamber  and  thence  to  the  chimney  flue.  The 
ore  is  fed  on  the  topmost  hearth  from  the  hopper  above  it  by  means  of  the 
small  fluted  rollers  which  are  shown  in  the  illustration.  The  vertical  shaft 
carrying  the  rabbles  is  surrounded  by  a  cast  iron  cylinder,  which  is  so  at¬ 
tached  to  the  shaft  that  it  rotates  with  it.  Air  circulates  between  the  shaft 
and  its  jacket  in  order  to  keep  the  shaft  cool.  The  rabble  arms  are  attached 
to  a  sleeve  made  in  two  halves,  which  embraces  the  cast  iron  jacket  of  the 
shaft.  On  each  hearth  there  are  rabble  arms,  one  of  which  is  provided  with 
tines  while  the  other  has  inclined  blades;  the  former  stir  the  ore  and  the 
latter  push  it,  according  to  their  inclination,  either  toward  the  middle  or 
toward  the  circumference  of  the  hearth,  where  it  falls  through  holes  to 
the  hearth  next  below.  This  furnace  has  also  been  used  at  Oberhausen.1 

Wethey  Furnace. — The  Wethey  furnace  is  a  mechanically  raked  furnace 
with  a  long  rectangular  hearth,  similar  in  principle  and  general  design  to 
the  Ropp  and  Brown  straight  line  furnaces.  The  distinctive  feature  of  the 
liethey  furnace  is  in  the  method  of  supporting  the  roof  arch,  the  skewbacks 
of  which  are  I-beams  hung  from  horizontal  transverse  I-beams  and  held  in 
place  by  short  struts  riveted  to  I-beam  buckstaves.  This  method  makes  it 
possible  to  arrange  a  slot  the  whole  length  of  the  furnace  in  each  side  wall, 
and  the  trucks  which  carry  the  stirring  mechanism  can  be  made  thereby  to 
rnn  on  rails  outside  of  the  roasting  hearth,  with  the  advantage  that  they 
are  a°t  subjected  to  the  intense  heat  of  the  inside.  The  slots  in  the  side 
"alls  are  closed  by  small  overlapping  pieces  of  sheet  steel,  each  pivoted  at  the 
uppcr  corner,  so  that  the  axle  of  the  stirring  carriage  can  lift  them  during 
Passnge.  As  soon  as  the  carriage  has  passed,  the  pivoted  sheets  drop 
agam  to  their  natural  position.  The  stirring  carriage  is  drawn  by  chains 
dch  pass  over  large  sheaves  at  each  end  of  the  furnace,  so  that  the  cairiaet 
ter  passing  out  of  the  roasting  chamber  passes  back  on  the  1  ails  above  the 
■nace.  The  gonor£Q  construction  of  the  Wethey  furnace  is  illustrate  m 
le  cross  section  shown  in  the  accompanying  engraving.  The  furnace  is 
t^ted  from  fire  boxes  disposed  on  each  side,  varying  in  number  and  posi- 
*  ^cording  to  the  length  of  the  furnace  and  the  character  of  the  ore. 

Zi:  ;eth*y  furnace  for  roasting  zinc  blende  was  erected  by  the  Bmpire 
C  Ca  at  its  works  at  Joplin,  Mo.  Tt  had  a  hearth  12  ft.  wide  am  >  ■ 

fithlglVln?  a  hoarth  area  of  19G8  sq.  ft.  The  fire  boxes  on  the  sues 
prJ  I*1'  Ste])  £rat(?s  and  were  operated  with  an  under  gra  n  >  dV. 
cts  of  combustion  were  exhausted  from  the  furnace  by  a  buck 

1  German  patent  No.  24,155. 
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125  ft.  high.  It  was  said  that  with  a  crew  of  two  men  per  shift  this  fur¬ 
nace  would  roast  20  tons  of  ore  per  24  hours,  which  is  20-3  lb.  per  sq.  ft. 
of  hearth  per  24  hours.  The  Wethey  furnace  at  Joplin  was  pronounced  a 
failure,  which  was  ascribed  by  its  designers  to  alterations  from  their  plans 
that  were  made  by  the  company  for  whom  the  luinace  uas  built,  and  not 
because  of  the  inadaptability  of  the  furnace  to  blende  roasting.  1  am  dis¬ 
posed  to  consider  that  this  claim  is  correct,  for  I  can  see  no  reason  why 
under  proper  conditions  the  'Wethey  furnace  should  not  give  as  good  results 
in  roasting  zinc  blende  as  some  other  mechanical  furnaces  which  have  been 


Fig.  58.  Wetiiey  Furnace. 

Transverse  section  through  hearth.  Scale,  y4  in.  =  1  ft. 


furnace,  inasmuch  as  the  III  „f  "Y  T”8  defcCt  in  the  "Vt 
close  control  of  the  air  sunnliVrl  f  .  -V  ?hrou2h  them  mus*  prevent 
good  deal  of  trouble  moreover  by  ah°U-  The  tIoors  are  aPt  to  gi) 

after  passage  of  the  rake  carriage 1  mmg  warPed  and  failing  to  d 

Zellweger  Furnace. — This  is  o  l 

furnace,  which  has  been  i  1earth,  mechanical  reverberat 

Spelter  Co.  near  Tola.  Kan  \V  ‘  **  Works  of  the  Cherokoe-Lan 

°XOn’r"  W  at  0—  works  the  furnace 

the  Allia-Chalmers  Co  8  C°-’  °f  Mllwaukee-  w,s> :  nov 
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an  effective  hearth  area  of  15X135  ft.  and  is  heated  by  natural  gas,  which 
is  introduced  at  intervals  through  openings  in  the  side  walls.  The  par¬ 
ticular  feature  of  the  Zellweger  furnace  is  the  raking  mechanism,  which 
consists  of  a  heavy  shaft,  supported  at  its  ends  by  two  fixed  wheels  and 
carrying  a  number  of  collars  on  which  are  mounted  radially  projecting 
blades  of  a  smaller  reach  than  the  radius  of  the  supporting  wheels.  There  is 
formed  thus  a  cylinder  of  blades  of  about  2  ft.  diameter,  which  extends  cross- 
ways  over  the  hearth  and  nearly  touches  it.  The  wheels  have  a  diameter  of 
6  ft.  and  roll  on  tracks  in  the  bottom  of  wheel  pits  on  each  side  of  the  hearth. 
When  the  stirrer  rolls  over  the  hearth  the  point  of  each  blade,  moving  in  a 
cycloidal  curve,  in  turn  approaches  to  and  then  recedes  from  the  hearth. 
The  collars  are  mounted  loosely  on  the  shaft,  but  are  provided  with  a  lock¬ 
ing  device,  so  that  they  can  revolve  around  the  shaft  when  the  stirrer  rolls 
in  the  direction  toward  the  feed  end  of  the  furnace,  but  are  locked  to  the 
shaft  and  cannot  revolve  around  it  when  the  stirrer  rolls  in  the  direction 
toward  the  discharge  end.  The  stirrer  blades  are  made  of  steel  plates 
formed  concave  in  front  and  convex  in  rear,  showing  al  or  U-shaped  cross 
section.  During  the  forward  trips  of  the  stirrer  over  the  hearth  in  the 
direction  toward  the  discharge  end,  each  blade,  being  fixed  on  the  shaft  by 
the  locking  device,  digs  into  the  bed  of  ore  and  with  its  end  scrape:?  along 
the  hearth.  In  doing  so  the  cavities  in  the  front  of  the  blades  become  filled 
with  ore  from  the  bottom  and  as  the  blades  rise  they  drag  this  ore  forward 
and  upward  and  spread  it  over  the  top  of  the  charge.  Ibis  action  produces 
a  thorough  stirring  and  mixing  of  the  entire  charge.  During  the  return 
trip  of  the  stirrer  over  the  hearth,  toward  the  feed  end,  the  blades  also  dig 
into  the  bed  of  ore,  but  since  the  collars  are  then  free  to  revolve  around 
the  shaft,  each  set  of  them  is  caused  to  roll  over  the  hearth  like  a.  wliee  on 
its  track,  the  blades  in  this  case  only  displacing  the  ore  laterally  like  a  p  ow 
or  rake.  It  is  obvious  that  the  stirrer  on  its  forward  trip  carries  much  more 
ore  forward  than  it  moves  backward  during  its  return  trip,  and  t  at  is 
difference  measures  the  rate  at  which  the  entire  charge  ad\ances  o\er  tie 
hearth  toward  the  discharge  end. 

The  tracks  in  the  wheel  pits  consist  each  of  a  line  of  rails  or  beams  am  a 
line  of  racks  all  bolted  together.  They  are  cooled  bv  an  air  channel  beneat i 
them,  the  air  so  heated  being  drawn  into  the  roasting  chamber.  T  le  ce 
of  the  racks  correspond  to  and  engage  with  pockets  on  the  circumference  o 
the  stirrer  wheels,  thereby  securing  parallel  motion  of  the  stirrer.  ie 
stirrer  is  set  in  motion  by  means  of  an  endless  chain  of  which  one  hal  is 
supported  by  idlers  in  the  bottom  of  one  of  the  wheel  pits  and  the  other 
half  by  idlers  on  top  of  the  furnace.  The  chain  is  attached  to  the  stirrer 
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by  means  of  a  collar  which  contains  a  ball-bearing  and  is  mounted  on  the 
shaft  near  one  of  the  wheels.  The  chain  runs  over  sprocket  wheels,  located 
outside  of  each  end  of  the  furnace.  One  of  the  sprocket  wheels  is  driven  by 
an  automatic  reversing  engine  which  pulls  the  stirrer  forward  and  backward 
through  the  furnace,  starting  and  stopping  itself  after  each  single  trip.  The 
stirrer  passes  through  the  furnace  in  1-5  minutes  and  then  stops  for  1-5 
to  3  minutes  as  desired.  At  the  C'herokee-Lanyon  works  the  pause  at  each 
end  of  the  furnace  is  two  minutes.  The  furnace  chamber  is  closed  at  each 
end  by  fixed,  hanging  walls  and  swinging  sheet  iron  doors. 

At  the  feed  end  of  the  furnace  the  ore  is  drawn  automatically  from  a 
hopper  to  a  movable  platform,  which  is  an  extension  of  the  hearth.  This 
platform  is  ordinarily  dropped  below  the  level  of  the  hearth,  so  the  ore  is 
out  of  reach  of  the  stirrer  when  the  latter  rolls  over  it  on  the  backward 
trip,  but  before  the  stirrer  starts  forward  the  platform  is  raised  to  the  hearth 
level  by  means  of  hydraulic  pistons,  so  the  stirrer  engages  the  fresh  quantity 
ot  ore  which  has  been  drawn  from  the  hopper.  At  the  discharge  end  of 


Figs.  66  and  67. 
Zellweger  Furnace. 

Sections  through  stirrer  blades 
and  shaft. 


leadinghTa  ^Torwhllartow  S™Ply  PUSh°d  0,1  ‘he  hearth  1nt°  a  d,"tC 

J£a“;4  the  chimney  will  he 

sections  that  the  height  fr,  Ti  !  1  b°  observed  from  the  transverse 

greater  than  in  otWr^everboratorv  |Uar^ 1  »  ~ily 

the  largo  wheels  of  the  revolving  rake'^Tth  'f  °'''k'r  *°  ***  ‘",r 

coal  firing  the  grates  would  ]„,  r  .  ’  i  tbc  furnace  were  to  be  used  with 

of  this  type.  The  furnace  shownTiTtl*!0118  thC  aS  in  other  roastt‘rS 
signed  for  heating  by  natural  gas  accomPanying  engravings  is  de- 

(30,000  ft^ofoV^Tng^Ss'to  307  t'Tl  an-VOn  'vorlis  18  »«• 

If  the  desulphurization  he?earriod  t«n  ‘°  °'8  l°  1>,T  24  ,MurS' 
reduced  to  15  tons,  while  about  ‘>1  t  th°  caPa(%  of  the  furnace  is 

24  hours  yiekling  a  product  which  assav.s  1-5%  ^  ^  ^  PUt  througU  P°r 


116 


METALLURGY  OF  ZINC. 


Furnaces  with  Movable  Hearths.  Mechanically  raked  furnaces  with 
movable  hearths  are  comparatively  unimportant  as  a  class.  Several  varieties 
have  been  employed,  however,  in  blende  roasting.  When  the  hearth  is  mov¬ 
able  the  rakes  must  be  stationary.  The  hearth  in  this  type  is  usually'  made 
circular,  that  being  the  form  to  which  it  is  easiest  to  impart  motion.  It 
is  mechanically  feasible,  however,  to  construct  a  long  rectangular  hearth 
with  a  reciprocating  motion,  as  has  been  proposed  by  Argali  in  the  form  of 
furnace  described  in  the  following  paragraph. 

Argali  Furnace. — This  is  a  reverberatory  furnace,  of  which  the  hearth 
has  a  reciprocating  movement,  back  and  forth,  whereby  the  ore  is  caused  to 
move  forward  by  the  action  of  fixed  rabbles  extending  across  the  hearth 
from  side  to  side.  The  rabbles  are  arranged  so  as  to  be  lifted  mechanically 
out  of  the  ore,  so  as  not  to  interfere  with  the  advance  of  the  latter  when  the 
hearth  makes  the  return  movement.  The  hearth  consists  of  tiling  laid  on 
transverse  I-beams,  which  rest  on  a  pair  of  inverted  T-rails.  The  latter 


move  on  a  series  of  car  wheels,  which  are  fixed  in  position,  but  are  free  to 
turn.  1  he  hearth  is  made  longer  than  the  furnace  projxw  by  the  extent  of 
the  movement  conferred  upon  it,  which  may  be  10  to  30  ft.  ;  consequently, 
it  projects  alternately  from  one  end  or  the  other  by  that  amount.  The 
furnace  may  be  of  a  length  of  100  ft.  or  upward.  The  drawings  accom¬ 
panying  the  patent  specification  show  a  design  in  which  the  hearth  has  a 
movement  of  25  ft.,  the  rabbles  being  arranged  24  ft.  apart.  The  hearth  is 
mow  d  at  intervals  of  10  to  30  minutes,  according  to  the  character  of  the 

w  2  h<3  mechanical  ‘^dls  °f  this  furnace  have  been  well  worked  out, 
out  it  has  not  yet  received  a  practical  trial. 

Blale  Fin  nan .  Ihis  furnace,  which  has  so  far  been  used  only  for  the 
roas  mg  o  pyrites  and  blende,  as  a  preliminary  to  the  magnetic  separation 
pse  minora  s,  but  is  adaptable  to  a  more  complete  desulphurizing  roast- 
by  a  ciroular  revolving  hearth  and  is  a  modification  of 
feature  Ti  7  ^7?’  Used  in  Cornwall,  from  which  it  differs  in  various 
from  tlm  o m  7  ‘  h*S  fo™  of  *  *ries  of  annular  terraces,  rising 

ning  in  a  ^  .  °  * 16  conter  and  is  supported  by  cast  iron  balls  run- 

isTe  ft  in  Z  ,CTO“  tra°k  15  «•  ‘liaraoter!  The  hearth,  which 
-Me  cTC  rt  f"’  “  TCTed  *“>  the  terraces  arc  W  » 

^ed  ifa  "  4  ’n  *“«*«•  **  "«rth  * 

design  being  shown  in  ih  V  amberwi£h  a  dome  shape  roof,  the  genera 

he  no  difficulty  in  understrT™^™1^  ^ravings,  frrm  which  there  W’1 
■nun,  :  nff  the  of  the  furnace.  The  o» 

053.202,  July  10.  1000.  This  furnace"!,  not  revo,vln8  cylinder  furnace,  which  Is  J" 
m  con  used  with  Mr.  Argali's  well-known  cha^t^  ^  &  su*)ser*uen*  sec^on  ** 
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bavin"  boon  received  on  the  flat  roof,  which  serves  as  a  drying  floor,  is 
delivered  into  the  central  hopper,  whence  it  is  drawn  automatically  to  the 
uppermost  terrace  of  the  hearth.  Plows  are  fixed  in  the  dome  shape  roof, 
two  over  each  terrace,  in  a  line  at  right  angles  to  the  plane  of  Fig.  69  and  as 
shown  in  Fig.  68.  These  plow's  being  set  at  an  angle  of  45°  turn  the  ore 
over  in  a  succession  of  furrows  as  the  hearth  revolves,  moving  the  ore 
constantly  from  the  center  outward,  taking  it  first  to  the  edge  of  the  highest 


terrace,  from  which  it  falls  over  to  the  next,  ^thmjeaeh^  ^  ^  turncd 
spending  plow.  By  this,  after  one  revolution  c  >  ,  by 

over  into  a  furrow  or  ridge  so  as  to  lie  withm  reach  of  to  neat^p  ^ 

which  the  ore  is  again  thrown  off  upon  the  ncx  ou<  which  delivers 

until  it  is  discharged  over  the  lowest  terrace  in  o  a  c  on€) 

it  into  a  car.  The  plows  are  so  placed  that  the  ore  n  stable 

remains  undisturbed  until  it  has  made  a  complete  resolution 
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before  it  is  turned  by  the  next  plow;  or  it  may  be  turned  over  at  each  half 
revolution  if  desired.  In  Fig.  08  the  ore  is  shown  discharging  at  two 
sides,  but  it  is  preferable  to  discharge  on  one  side  only,  the  last  plow  on 
the  opposite  side  being  omitted;  there  may  be  only  one  plow  to  each  terrace, 
but  two  are  preferred,  as  in  Fig.  08.  The  height  of  the  plow's  above  the 
hearth  is  adjusted  through  the  dome,  these  details  not  being  shown  in  the 
accompanying  engravings.  The  speed  of  the  hearth  is  designed  to  be  10 
revolutions  per  hour,  but  can  be  varied  to  suit  the  ore,  etc. 

The  fire  box  is  placed  at  one  side  of  the  hearth  chamber  and  the  flames 
from  it  play  freely  across  the  hearth,  escaping  through  a  flue  at  the  opposite 
side  into  a  dust  chamber.  The  air  required  for  oxidation  of  the  sulphur  is 
preheated  in  brick  checkerwork  in  separate  chambers  placed  on  opposite 
sides  of  the  fire  box,  the  checkerwork  being  heated  by  independent  fireplaces. 
These  stoves,  as  they  may  properly  be  called,  are  not  shown  in  the  accom¬ 
panying  engravings.  The  effect  of  hot  air  in  ore  roasting  was  discussed  in 
Chapter  III. 

Godfrey  Furnace .*  This  furnace,  which  has  an  annular  revolving  hearth, 
was  lately  in  use  for  roasting  blende  and  mixed  sulphide  ore  at  the  w'orks 
of  Fry,  Everitt  &  Co.,  at  Swansea,  Wales,  and  those  of  the  Smelting  Cor¬ 
poration,  Ltd.,  near  Manchester,  England.  My  description  of  it  and  the 
data  concerning  its  results  are  taken  from  a  paper  by  W.  Blackmore,  read 
before  the  Institution  of  Mining  and  Metallurgy,  June  21,  1899,  and  a 
private  communication  from  Mr.  Blackmore. 

As  will  bo  seen  from  the  accompanying  engraving,  the  Godfrey  furnace 
consists  essentially  of  an  annular  rotating  hearth.  The  roof  covers  all  the 
uu  i  with  the  exception  of  one  sector,  each  portion  of  the  rotating  hearth 

the  lilad*11  V'  Z  °'xn  scc*or-  In  this  open  space  is  placed  a  plow, 
aneeme  tT  f  T  'r°  m°Ted  ta  **  *  a  simple  lever  are 

whieh Tere  ar 're  “a  ,°'  lhe  furnacc  is  '>"nt  <®  cast  iron  cantilevers,  of 
ar'1  ;  *"*  -ntral  rings,  and  thus  forming  one 

actual  Zr  of  the  f  cast  ir0"  P^,  and  on  those  is  the 

roof  is  thrown  betweZtht’outorinZf”'  C‘ay  Zf  Th°  '>rickW°rk 
The  furnace  is  about  on  n  •  r  ^  °f  niasonry  and  the  central  column, 
ing.  the  ZmZof  tt  h  ";tLn  metCT’  aiKl  38  WiU  — «  *•»  the  draw- 
revolves,  being  driven  b  ^  ^  ^TPorted  on  ball  bearings,  upon  which  it 

t-l  is  ^  “to  1 

this  may  he  increased  or  decreased  n,  A  to  thro°  minutes’  bllt 

lp  "  desired.  Only  1  h.  p.  is  necessary 

J.  nit*  of  VZ?*  >«d°rfry  Oa,0,Mr-  L 

to  land;  United  States  patent.  Nr 


.....  London,  Eng- 
States  patent,  No.  C37.864. 
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to  work  the  furnace.  The  opening  in  which  the  plow  is  fixed  is  3  ft.  6  in. 
wide  on  the  outside,  tapering  down  to  2  ft.  in  the  center.  The  ore  is  charged 
through  a  hole  in  the  roof  or  a  door  in  the  outer  wall,  as  may  be  deemed 
most  convenient. 

In  a  short  time  after  the  ore  is  charged  it  becomes  uniformly  red  hot, 
for  each  part  of  the  ore  charge  passes  in  its  revolution  through  the  hottest 


portion  of  the  furnace.  During  each  revolution  the  ore  is*  adequately 
turned  bv  the  plow,  and  thereby  brought  into  contact  nith  fresi  air  im 
mixed  with  carbon  and  sulphur  gases.  Thus,  the  furnace  is  one  m  which 
the  heated  ore  is  brought  alternately  first  into  the  closed  portion  of  the 
furnace  in  contact  with  the  furnace  gases,  and  secondly,  into  the  open  part 
away  from  the  products  of  combustion  altogether* 
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friction  rollers  and  revolving  between  a  fire  box  and  a  flue.  The  flame  from 
the  fire  box  passes  directly  through  the  cylinder,  and  thence,  mixed  with 
the  gases  from  the  ore,  into  a  dust  chamber.  The  cylinder  is  provided  with 
manholes  for  receiving  and  discharging  ore. 

The  cylinder  is  made  to  revolve  slowly;  in  the  case  of  small  furnaces  by 
applying  power  to  a  shaft  carrying  the  friction  rollers ;  in  the  case  of  large 
ones  by  a  pinion  which  engages  a  spur-gear  surrounding  the  cylinder.  The 
fire  box  is  made  either  movable  or  stationary.  In  the  former  case  it  is 
constructed  in  the  form  of  a  car  running  on  a  track,  usually  (but  not  in¬ 
variably)  placed  at  right  angles  to  the  axis  of  the  cylinder,  and  having  a 


Figs.  72  and  73.  Bruckner  Furnace,  8-5X18-5 
with  Movable  Fire  Box. 

Fig.  72:  Side  elevation.  Pig.  73:  End  elevation. 


^^Xfi^ttl,at  T1CS  0XaCtly  °Pposite  the  throat  of  the  furnac 

charge  Z  Te  ^huMsT  *  ‘ 

opposite  another  cylinder  ^  ^  ^  ” 

the  sulphur  with  free  access  of'nir  t0  complete  the  combustion 

the  end  of  the  roasting^  cxtl^  w  by  Carbo»  «“«• 

moved  opposite  the  throat  of  the  furnace  '  ^  1S  re(luircfl  tllc  firc  1,0X  ' 
which  need  extraneous  heat  ^  In  the.  case  of.  ? 

fixed  fire  box  is  used.  L  °P*  r<1^10ri  a  cylinder  with 

The  cylinder  is  usually  lined  with  rod  briol- 
brick  at  the  ends,  but  sometimes  the  lining  is  tbe  si(1es  an(1  * 

"  'tie  of  fire  brick  throughout 
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which  are  easier  to  put  in  on  account  of  the  greater  regularity  of  their  shape 
and  are  more  durable.  A  red  brick  lining,  when  well  put  in,  will  last  how¬ 
ever  about  18  months,  and  this  is  the  principal  cost  for  repairs  and  renewals 
during  the  first  few  years  of  the  life  of  the  furnace. 

The  furnaces  shown  in  the  accompanying  engravings  have  four  feeding 
and  discharging  openings,  arranged  in  pairs  half  way  around  the  circum¬ 
ference  of  the  cylinder,  so  that  the  latter  has  to  be  turned  only  180°  in 
order  to  charge  or  discharge.  The  holes  come  directly  under  the  chutes  of 
a  double-feed  hopper.  It  is  to  be  observed  that  the  Bruckner  furnace  dif- 


Figs.  74  and  75.  BkOcknkr  Furnace,  7X18  et„  with  Stationary 

Fire  Box. 

Fig.  74:  Side  elevation.  Fig.  75:  Transverse  section. 

fers  from  other  cylindrical  furnaces  inasmuch  as  its  action  is  intermittent 

instead  of  being  continuous.  . .  .  .  . 

The  Bruckner  furnace  has  not  yet  been  employed  for  blende  roasting,  but 
it  is  used  largely  for  the  calcination  of  lead  and  copper  ores.  The  speed 

at  which  the  ovlindor  is  turned  is  varied  according  to  the  ore.  In  burnmg 
Auv  «nme  cases  made  as  slow  as  four  and  even  one 

_  i,mir-  in  ehlondizing  silver  ore  it  has  been  run 
and  a  half  revolutions  ^  hourjn  ^  $  ^  ,  h  p  >l#  ro 

as,  ast  as  lo  revo  u  mm  .w,g.5  ft.  furnace,  a  common  size,  is  about  $6000. 
quired.  The  cost  of  an  8-5X1 

In  roasting  pyntous  ores  tne  «u  e 
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48  hours.  The  consumption  of  fuel  is  relatively  low,  because  it  is  used 
only  when  and  where  it  is  actually  needed.  One  man  per  shift  ran  attend 
to  three  furnaces.  The  make  of  flue  dust  is  high,  5%  being  a  not  uncom¬ 
mon  figur.e. 

The  Bruckner  furnace  is  built  bv  a  number  of  manufacturers  and  in 
various  sizes.  Fraser  &  Chalmers  (now  the  Allis-Chalmors  Co.)  construct 
the  following: 


Size. 

Weight  of 
Iron  Work. 

No.  of  Fire 
Brick. 

No.  of  Red 
Brick. 

fi  ft.  X  12  ft... 

7  ft.  X  18  ft.. 

«'  1ft.  >  is:4ft..  ■ 
8J4ft.  X28  ft... 

17,800  lb. 
30,000  lb. 
52,000  lb. 

69  000  lb. 

1.300 

1 .700 
2,800 

3.300 

18,000 

20.000 

25,000 

27,000 

White-How  ell  Furnace. — This  furnace,  which  is  quite  similar  to  the  Ox- 
land  &  Hocking,  used  in  Sardinia  for  the  calcination  of  calamine,  con-ists 
of  a  long  telescopic  shaped  iron  cylinder,  made  in  sections  to  facilitate  trans¬ 
portation,  slightly  inclined,  supported  on  friction  rollers  and  revolved  be- 


Fig.  ig.  White-Howell  Furnace. 


tween  a  stationarv  fire  bov  nn<1  o  fl,,„  rp,  , 

flip  ft™.  i,u-  j  l  ,  a  uo-  That  portion  of  the  cylinder  nea 

Tr  i- ,j"  flu%: 

of  the  smaller  port,  which  althorrsl,  hcaTTcrv'w 

Four  projecting  courses  of  the  fire  brick  linin,/ooo  l  f  •  + 

by  raising  and  showering  the  ore  tlir  fl  apart,  assist  in  oxidat 

through  the  cylinder ;  for  the  same  „  "  ‘  Whl°h  P8SSeS  ^ 

with  corresponding  cast  iron  sh^  ’ T 7  "”'^1  **  ” 

by  means  of  a  suitable  screw  feeder  and  tZ  Z  ^  at  ^  ^  * 

*  n  the  ore  makes  its  way  automatica 
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toward  the  lower  end  of  the  furnace,  where  it  pusses  out,  dropping  between 
the  end  of  the  cylinder  and  the  tire  box  into  a  vault.  Sometimes  an 
auxiliary  fire  box  is  placed  at  the  flue  end  of  the  furnace,  as  shown  in  the 
accompanying  engraving,  for  roasting  the  fine  dust  as  it  passes,  suspended 
in  the  air,  into  the  dust  chamber. 

White-Howell  furnaces  are  made  by  Fraser  &  Chalmers  (Allis-Chalmers 
Co.)  in  the  following  sizes : 


Diameter. 

Length. 

Weight  of 
Iron  Work. 

Fire  Brick 
Required. 

Red  Brick 
Required. 

31  and  41  in..  . 
52  and  62  in. .  . 

23  ft. 

27  ft. 

25,500  lb. 
43(500  lb. 

1,900 

2,700 

_  _ , 

22,000 

28,000 

In  Europe  cylinders  of  this  type  are  made  as  long  as  60  ft.  and  of 
diameter  as  great  as  7  ft. 


Automatic  Reverberatory  Furnaces. 

Under  this  classification  are  included  those  reverberatory  furnaces  in 
which  the  ore  is  neither  stirred  by  hand  nor  mechanically,  its  passage 
through  the  roasting  chamber  being  effected  by  gravity.  rl  he  Stetcfeldt 
furnace,  used  for  the  chloridizing  roasting  of  silver  ore,  in  which  the  ore  is 
showered  through  burning  gas  rising  in  a  slialt,  might  be  eonsidere  as  a 
furnace  of  this  type,  but  usually  the  ore  is  caused  to  slide  in  a  thin  s  ee 
down  a  series  of 'inclined  planes.  This  principle  also  finds  an  application 
in  zigzag  ore  dryers.  The  Gcrstenhbfer  furnace,  when  provided  and  oper¬ 
ated  with  an  external  fireplace,  is  an  automatic  reverberatory  as  well 
as  a  shaft  furnace,  but  there  are  several  furnaces  of  this  class  which  do  no 
rese.nl, le  the  ordinary  shaft  furnaces  at  all.  Them  idea  is  best  exemplified 
in  the  Cermak-Spirek  furnace,  employed  with  great  success  for  the  roasting 
of  quicksilver  or  ,  and  recently  introduced  for  Monde  roasting  «»  »«*.*. 
of  the  English  Crown  Spelter  Co.  at  Ponte  ,1,  Nossa,  Bergamo,  lt.1,. 

Cnmak-tipirrk  Furnace.- This  furnace  .  Wt  »  the  form  of  a  rorf- 
'  ,  .  ,  •  v  into  two  sections  bv  a  longitudinal  wall. 

anRiilar  Mock,  w  out6ide  walls,  is  built  sufficiently  thick  to 

ic  latter,  as  we  *  J7,  chambers  on  each  side  are  filled  with  a 

permit  the  necessar>  ^  fundamental  feature  of  which  is  a 

lather  complicate^  £°"!5  til in<r  set  across  the  furnace  in  rows,  parallel 
series  ol  \  sliap<'<  11  (  •  rj^ie  apCX  of  the  tiles  of  one  row  comes  directly 

with  the  ends  of  the  urn‘l  j?  the  next  row  above.  At  eaeli  end  of 

below  the  opening  between  two  nu 


1  v.  Splrefe,  In 


TUe  Minernl  Industry,  VI,  672,  and  X.  684. 
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the  furnace  there  is  a  gas  generator  which  communicates  with  a  combustion 
flue  in  the  middle  longitudinal  wall.  From  the  combustion  flue  ports  open 
into  the  chambers  on  each  side. 

The  ore  fed  through  suitable  openings  in  the  roof  of  the  furnace  dis¬ 
tributes  itself  over  the  \  shaped  tiling.  The  latter  are  set  at  such  a  dis¬ 
tance  that  if  all  were  covered  with  a  sheet  of  ore  and  none  were  drawn  off 
from  the  bottom  there  would  be  no  movement.  When,  however,  ore  is 
drawn  off  from  the  bottom  more  slides  down  from  the  shelves  above  to  take 
its  place.  It  is  in  that  manner  that  the  passage  of  the  ore  through  the 
furnace  takes  place.  Practically  the  same  thing  occurs  in  the  Gerstonhbfer 
furnace,  and  in  this  particular  there  is  no  great  novelty  in  the  Cermak- 


Front  elevation 


Fig.  ,  Cermak-Spirek  Furnace. 

longitudinal  vertical  section.  Dimensions  are  In  millimeters. 


flames  areMn^rt  1^'°  °r*g*na^  ^eature  of  the  latter  lies  in  the  way  the 
ment  of  tlmT?  T*  ,0VW  °re‘  U  wiU  1)e  observed  that  the  arrange- 
rhoml,>hk  Ll 1  ?  I'-",  CaCh  lateral  chamber  into  a  series  of  small 

The  ports  fro. th?  aXCS  ar?  haralk>1  with  the  ends  of  the  furnace. 

the  lowest  tier  of 'cells'1  'The'fl^"0  ^  W&U  cornmimicato  'vith 

flue  in  the  outside  wall  fr«!lu  iT  ^  ^  C<?lls  an<1  * 

of  cells  and  enter  a  flue  in  the  mill  ! 1,ey  back  through  the  next  tier 

colls.  The  furnapp  fi  *  (  *  e  an(^  so  on  through  each  tier  of 

hearth  reverberatories.  ^  01  °  aU  aggrogate  of  a  large  number  of  multiple 
Below  the  lowest  tier  of  lilno 

hot  ore  lies  until  it  is  drawn  off  f7.  "’ll™?  P’peS’  arouml  which  *1® 

r  rroiu  the  bottom  of  the  furnace.  Air  13 
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admitted  through  these  pipes  and  is  thus  preheated  for  use  in  the  furnace 
while  the  ore  is  cooled  so  that  it  can  be  handled  directly.  This  is  the  only 
furnace  I  know  of  in  which  heat  is  recuperated  from  the  ore — an  entirely 
logical  procedure  when  it  can  be  done  conveniently  as  happens  in  this  case. 
In  the  side  walls  of  the  furnace  there  arc  apertures,  ordinarily  closed, 
through  which  tools  can  be  introduced  to  remove  obstructions  to  the  descent 
of  the  ore  when  necessary.  It  is  apparent  that  this  furnace  can  be  used 


Fig.  78.  Cermak-Spirek  Furnace. 

Horizontal  sections.  Dimensions  are  in  mil 

'%  With  ores  which  run  freely.  Ores  which  sinter  would  give  no  end  of 

rouble.  ,  .  , 

llle  Cermak-Spirek  furnace  as  employed  for  the  roasting  of  |  ^ 

J  *  ^nte  Anliata.  Italy,  is  illustrated  in  F>gs  and  fo„ 

ro!Jstmg  cells  on  each  side  of  the  furnace,  ‘  zjo-zag  travel  of 

"s  high.  Each  cell  is  1-85  m.  in  length,  w  u  ri  ^  furnace 

*0  flames  through  them  is  "V  arths  high,  with  a 

^sists  practically  of  a  series  of  reverberatorios  fou  through  the 

floarth  length  of  740  m.  The  air  beneath  the 

h<K»  <•  which  communicate  with  the  flue  located  direct . 
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combustion  chamber  b  and  connected  with  it  by  a  series  of  ports.  Air 
enters  also  into  the  roasting  cells  through  the  short  tubes  which  are  shown 
alternating  with  the  tubes  r  in  Fig.  78.  The  spent  ore  is  discharged  from 
the  furnace  at  a  temperature  below  100°  C.  and  the  air  is  preheated  in  the 
tubes  r  to  between  300  and  600°  C.  The  grates  at  the  opposite  ends  of 
the  furnace  are  fired  alternately,  so  that  the  highly  heated  gases  from  one 
flow  against  the  smoky  gases  from  the  other,  and  the  flue  b  being  0f  com- 
paratively  large  sectional  area  the  velocity  of  the  gases  in  it  is  slow  and 
thorough  mixture  of  the  gases  and  complete  combustion  take  place.  The 
temperature  in  the  lowest  row  of  roasting  cells  is  700  to  800°  C.;  in  the 
second  500  to  600° ;  in  the  third  500°,  and  in  the  uppermost  3(50  to  400°. 

The  furnace  at  Ponte  di  Xossa  is  of  the  same  general  design  as  those 
at  lonte  Amiata,  but  presents  certain  modifications.  It  is  square  in  plan 
an  is  eight  cells  high,  with  five  and  six  in  a  row  on  each  side  of  the  fur¬ 
nace,  while  the  iron  pipes  for  preheating  the  air  are  dispensed  with.  This 
furnace  has  been  used  both  for  the  calcination  of  calamine  and  for  blende 
roasting.  Results  as  to  the  latter  have  not  been  published,  but  in  the  former 

a  capacity  of  about  300  metric  tons  per  month,  with  the  consumption  of 
o^oyo  oi  coal,  has  been  reported. 


in 


Muffle  Furnaces  and  Acid  Ktlns.1 

.  bctWen  "“«*>*  m  »»«.  furnaces  and  resstin, 

naees  arc  imm'*  la'<‘  ’“n  '•’scussed  in  a  previous  chapter.  Jlullle  fur 
BeHuTnnd  c  8  ly”sed  in  E»"l»  than  in  America,  especially  i. 

a  toTumlfr  ,Where  ”anr  the  sine  smelters  are  situated  nea, 

fumes  to  be  discharged  directly" totfth ' 'T  ““i laW  f°r1>idS 
rendering  them  innocuous  For  t  ‘  th°  atmosPhero  without  prcvmush 
generally  been  .lie,  l  .  .  ,oso  reasons  reverberatory  furnaces  ban 

S X  EicbhornT  T™r  W  ““*>  furnaces  of  the 

been  substituted  for  themf  ^  ^  n<W  Hasenclever  (Rhenania)  having 

Westphalia  anTphfl-lh 'pru'  ^  r°astin^  is  to  found  probably  ir 

in  that  eonneetionhas  ^  of  sulphuric  add 

l0ng  becn  Priced  under  the  auspices  of  the 

and  eWnr,a,n  thTnerr^hlff  Unnac™  Js  admittedly  inaccurate  from  t* 

u"o  roaItlnP'  T  °h  “re  emP*oyed  chiefly  in  it  has  in  view  the  * 

fnctur^  wm  ^  f°r  sulr>huHc  acid  mami  ?U8trial  ^Unction  between  furnaces 
Although  thp)U  1 10  ai(1  extraneous  fuel.  ^  aflaptod  to  deliver  a  strong  sulpha*01, 

C  grouPin&  of  them  with  muffle  ff)3*  auita,)le  for  acid  manufacture  and  t l0> 

which  are  not. 
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Chemische  Fabrik  Rhenania,  of  which  the  late  Robert  Hasenclever  was  the 
director  and  an  eminent  authority  on  this  subject.1 

The  first  Hasenclever-Helbig  furnace  was  introduced  as  early  as  1870.2 
They  were  subsequently  installed  at  other  works  in  Germany,  but  have  now 
been  entirely  abandoned;  the  last  of  them,  at  a  works  in  Upper  Silesia, 
having  been  dismantled  early  in  the  decade  1890  to  1900.  The  Hasenclever- 
Helbig  furnace  was  followed  (in  1880)  at  the  Rhenania  works  by  the  Eich- 
horn  &  Liebig  ;3  this  was  in  turn  succeeded  by  an  improved  furnace  designed 
by  Hasenclever,  which  under  his  name  or  sometimes  known  as  the 
“Rhenania,”  is  the  most  popular  in  Germany  at  the  present  time. 
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Fig.  79.  Eichhorn-Liebig  Furnace. 

Section  on  line  C  D  of  Fig.  80. 


Only  four  works  in  the  United  States  have  yet  undertaken  the  manufac¬ 
ture  of  sulphuric  acid,  and  consequently  there  has  been  no  £An  ^ 
for  the  introduction  of  muffle  furnaces.  At  Lasallc,  II  ®  e°  - 
^ace,  a  mechanically  raked  muffle  type,  has  been  in  use  since  ’< 

Muffle  furnaces  are  classified  in  the  same  manner  as  tie  roe  .  cv^n. 
i-e.,  as  (1)  raked  by  hand;  (2)  mechanically  raked,  (U  UN<  ®  . 

3ers;  and  (4)  automatic.  There  is  no  good  example  o  w  ‘  ore 
although  the  Hasenclever  &  Helbig  furnace  embodies  its  pnncip  , 
sliding  by  gravity  down  an  inclined  hearth  heated  from  below. 


1  The  Chemische  Fabrik  Rhenania  estab¬ 
lished  sulphuric  acid  works  in  connection 
^ith  various  zinc  smelteries  in  Rhenish 
Prussia  and  Westphalia.  Including  the 
Plants  at  Stolberg,  Dortmund,  Hamborn  and 
Oberhausen,  the  sulphurous  gas  being 
bought  from  them,  although  this  is  an  ar¬ 
rangement  which  does  not  always  operate 


=«5Sr.“S=r: 

>  secure  th.  best 

•17n:18SS  p  so  »a  p  *o  5u5; 

18S.T  PP-  2o°'  ~  ’ 

5;  1886.  p.  201. 
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Baked  by  Hand. 

Eichhorn-Liebig  Furnace. — This  was  the  first  of  the  modern  hand  worked 
muffle  furnaces.  Its  principle  is  shown  so  clearly  in  the  accompanying  en¬ 
gravings  that  an  extended  description  is  unnecessary.  The  furnace  is 
heated  by  gas  from  a  producer,  the  gas  burning  in  the  canals  x  x  x  and 
escaping  to  the  chimney  as  shown  in  the  longitudinal  section.  The  air 
supply  for  the  muffles  enters  through  pipes  and  channels  a  under  the  lower¬ 
most  fire  canal,  in  order  to  be  preheated  before  entering  the  lowermost 
muffles.  The  ore  charged  from  the  top  is  moved  from  muffle  to  muffle  by 
suitable  tool*  inserted  through  the  doors  <1,  and  is  finally  discharged  as  shown, 
riie  ore  remains  six  to  eight  hours  in  each  muffle,  and  consequently  is  36  to 
hours  iu  the  furnace.  Data  as  to  the  progress  in  desulphurization  were 


Fig.  80.  Eichhorx-Liebig  Furnace. 

Section  on  line  A  B  of  Fig.  79. 


Aoenrrli  '  The  r°ast  gases  contain  G  to  8%  SO.  by  volume, 

tons  of  or*  i°  °ne  °f  theS<?  furaaces  desulphurizes  4-2  to  4-5  metric 

the  1 1!  V!  /0  ^  1>Cr  24  ll0Urs’  with  a  consumption  of  0-8  ton  of  coal  and 
and  aMT  ,  '  (*W°  per  shift>-  T1*se  furnaces  are  in  use  at  Letmathe 

ore  are  roatr  T,  <***"*  “  Westphalia-  At  Hamborn  5000  kg.  of 
( Forderk olden ^  h}  ^  Men  with  20  to  25%  of  ™  of  mine  coal 

1  ad  etht  rots  Of  m  *  °f  thiS  type  which  were  emploved  at  first 

Plicate  lfll"  °r  S1X  rWS  (aS  in  Figs-  79  a-d  80),  but  this  multi- 

i the ,a,er construcii°ns °r 

jmnvin.'  ”rr!'n^m<‘nt  of  this  furnace  is  shown  in  (he  aoemn- 

PJg  ingratmg’  “  wh,<*  V  -V  the  muffles,  and  FF  the  combustion 
1  Flseber's  Jahresberloht.  ISS9,  p.  322. 
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flues.  The  muffles  are  9  m.  long.  The  ore  fed  mechanically  from  the  hop¬ 
per,  as  shown,  enters  the  muffle  M,  and  thence  passes  successively  through 
Mo,  M3,  an(1  The  muffles  are  heated  upon  three  sides  by  gas  from 
the  producer,  which  passes  successively  through  the  flues  FrF7.  The  sul¬ 
phurous  gas,  passing  from  one  muffle  to  the  next  above,  through  the  ports 
S,  in  opposite  direction  to  the  ore,  arrives  finally  in  the  canal  c,  whence  it 
is  led  into  the  dust  chamber  and  thence  through  a  proper  flue  to  the 
Glover  tower.  Air  for  combustion  of  the  coal  gas  enters  the  canal  from 


/ 


Figs.  81  to  83. 
Grillo  Furnace. 

Fig.  81 :  Longitudinal  section* 
Fig.  82  :  Transverse  section. 
Fig!  83  :  Horizontal  section. 


Ie  generator  through  ports  from  channels  surro ^I'fl^damper  *  the  fur- 

sual  manner.  By  removing  the  plate  was  used  at  Hamborn- 

ace  is  converted  into  a  reverberator).  f i«factorv  and  has  been 

ieumiihl,  Westphalia,  but  did  not  prove  entirely  satisfactory 

isplaced  there  by  the  Eiehhorn-Liebig.  furnaces,  worked  by  hand, 

ITasenclever  Furnace. — Of  the  modern  muffle  urnace^^  ^  .g  the  most 

his  is  the  simplest  and  perhaps  the imos .  ®  ^  ^earths,  each  with  twelve 

generally  used.  It  was  built  originally  grate,  at  one 

forking  doors,  and  an  ordinary  fireplace,  with  plane  or  .  1  . 
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end  of  the  furnace.  The  flames  drew  first  through  flues  under  the  third 
(lowest)  hearth,  then  between  the  third  and  second,  second  and  first,  and 
finally  over  the  first  to  the  chimney,  whereby  a  complete  circuit  was  made 
around  each  muffle,  as  is  shown  in  the  accompanying  engravings.  The  ore 
was  worked  along  the  hearths  in  the  reverse  direction  to  the  flames  in  the 
combustion  flues,  while  the  sulphurous  gas  escaped  through  each  muffle  in 
succession  to  the  collecting  flue,  or  else  was  drawn  directly  from  each  muffle 
by  ports  in  the  longitudinal  wall  dividing  two  furnaces,  built  in  pairs,  as 
shown  in  Fig.  86.  In  furnaces  subsequently  built  the  flues  between  the  first 
and  second  muffles  were  omitted,  so  the  flames  drew  first  under  the  tliird 
muffle,  then  under  the  second  and  finally  over  the  first  (uppermost).  In 
the  latest  furnaces  there  is  only  one  circuit  of  flues,  which  pass  under  the 


bios.  84  and  85.  Hasenclever  Furnace  at  Guidottoiiutte. 

ig.  84  .  Longitudinal  section.  Fig.  85  :  Transverse  section. 


lowest  muffle  and  back  over  the  uppermost.  These  modifications  were  n.- 
u«C  Merminations  ^d  practical  observation  had  given  the 
narts  of  fi^f  t  mt  th?  heat  °f  combustion  of  the  blende  is  greater  in  some 
there  was  wbicb  is  derived  from  the  coal;  wherefo1 

furnace  vher  tl^  ^  **  gamcd  by  Putting  hues  under  those  parts  of  th 
effected  iu  1  in  sulPb»r,  and  of  course  a  saving 

sisted  in  dividinoiiTr fymg  tho  furnace.  A  further  improvement  con 
drawing  of  the  f&  °  funiaco  transversely  into  two  parts,  as  shown  in  th 
8^1 ^^tte  in  Upper  Silvia,  Figs.  »  » 

was  saved.1  The  flues  Dai*  lnCr°asod  30 %  and  from  25  to  30%  of  a, 
the  lowest  and  next  li  t  ar0Und  botb  sections  in  one  circuit,  or  uml 
hearths.  ‘  '°W0St’  86  in  84  and  85,  where  there  arc  f«“ 


1  Berg-  u.  Hiittenm. 


Ztg.,  Sept.  29,  1893. 
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The  Hasenclever  furnace  as  at  present  constructed  lias  hearths  12-5  m. 
long  and  1-5  m.  wide,  divided  into  two  sections  each  6-25  m.  long.  The 
arch  of  the  lowest  muffle  is  0-23  m.  above  the  hearth  at  the  middle  and  0-125 
in.  at  the  sides ;  the  upper  muffles  are  a  little  higher.  The  outer  walls  of 
the  furnace  are  constructed  of  0-375  m.  of  red  brick  lined  on  the  inside 
with  0-125  m.  of  fire  brick ;  0-375+0-125=0-5  m.,  or  about  20  in.  The  in¬ 
terior  dividing  walls  are  of  fire  brick,  0-25  m.  thick,  when  there  are  no 
channels  in  the  longitudinal  wall  for  the  sulphurous  gas.  The  arches  and 
soles  of  the  muffles  and  the  surrounding  flues  are  constructed  of  fire  brick 
tiles  of  special  shapes,  which  are  carefully  fitted  together.  Each  hearth  has 
five  cast  iron  doors  (i.e.,  five  in  each  section),  which  slide  in  grooves  and 
can  be  closed  tightly,  admitting  of  a  careful  regulation  of  the  air  supply, 
The  draught  is  sometimes  regulated  by  the  aid  of  a  manometer.  The  air 
supply  is  preheated  before  entering  the  muffles  by  passing  through  conduits 
immediately  under  the  lower  flame  flues.  Two  furnaces  are  usually  built 
in  a  massive,  with  a  common  parting  wall  between  them  and  independent 
fire  boxes  at  one  end.  The  ore  to  be  roasted  is  dried  on  the  top  of  the 
furnace  and  is  pushed  along  the  first  hearth  by  men  working  through  the 
side  doors ;  at  the  end  of  the  first  hearth  it  drops  through  a  hole  to  the 
next  and  so  on.  These  furnaces  are  in  use,  among  other  places,  at  the 
Miinsterbusch  and  Birkengang  works  at  Stolberg  in  Rhenish  Piussia,  at 
Dortmund  and  Oberhausen  in  Westphalia,  at  the  Muldnerhiittc  at  Freiberg 
(Saxony)  and  at  the  Guidottohiitte  (Chropaczow),  Silesiahutte  (Lipine) 
and  Reckehiitte  (Rosdzin)  in  Upper  Silesia. 

In  its  present  form  the  Rhenania  furnace  constitutes  practica  y  a 
°f  four  single  furnaces,  with,  however,  only  two  fireplaces.  hen  ore  a 
three  muffles  the  total  hearth  length  is  18-75  m.  (61-5  ft.).  ie.ie® 
area  per  massive  is  1210  sq.  ft.  Eight  men  per  24  hours  arc  rc  1 
attend  to  the  massive,  wherefore  one  man  per  shi  t  las  0  C‘Y 

*  «.  of  hearth.  According  to  Hasenclever-  the  *ewesl —  (" 

Rhenish  Prussia  and  Westphalia)  roast  9400  kg.  (20’78'  ,)  {  1200 

per  24  hours  with  the  labor  of  eight  men.  Assuming  aheartharea  of  1200 

ft"  snch  a  would„bnC.  eq“7*  tftarth  The  coal  consumption 

hours,  one  man  attending  to  300  sq.  ft.  of  *  ;n  xjpper 

appears  to  range  from  about  25%  of  the  weig  o  Kttle  as  15% 

Silesia,  where  inferior  grades  of  coal  are  c  ue  y  us  >  respect  to 

*  Westphalia,  where  fat  coal  of  better  quality  Lsen- 

quantin-  of  ore  roasted  per  man  and  per  s^re  rberatory  furnaces; 

clever  furnace  appears  to  be  on  an  equality  with  the 

1  Chemische  Industrie,  Jan.  15,  1899,  XXII,  ii,  25. 
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in  point  of  coal  consumption  it  is  clearly  superior.  This  is  due  to  the 
improved  conservation  of  the  heat  in  the  furnace,  the  exterior  walls  being 
as  much  as  20  in.  thick;  to  the  low  muffles,  of  which  the  arches  accumulate 
and  radiate  back  the  heat  of  the  burning  sulphur;  to  the  preheating  of  the 
air  for  oxidation,  although  it  is  not  done  recuperatively ;  and  to  the  ex¬ 
clusion  of  excess  air  to  the  maximum  possible  extent.  The  working  doors 
are  rather  small  and  are  made  so  that  when  they  are  closed  there  is  no 
leakage  through  them.  These  furnaces  are  frequently  managed  so  that,  in 
roasting  ore  with  about  30%  S  down  to  1%  S,  the  gas  will  contain  7% 
S02  by  volume.  This  means  that  only  a  little  more  than  twice  the  quantity 
of  air  which  is  required  theoretically  for  the  conversion  of  the  zinc  of  the 
ore  into  ZnO  and  the  sulphur  into  S02  is  admitted  into  the  muffles  of  the 
furnace.  In  a  reverberatory  furnace,  yielding  gas  as  rich  as  2%  S02 
(which  is  probably  a  rather  high  figure)  the  quantity  of  excess  air  passing 
through  it  must  be  approximately  four  times  what  is  theoretically  required 
by  the  ore. 

Data  as  to  Hasenclever  furnaces  at  various  works  in  Europe  arc  given  in 
the  following  paragraphs : 

A  massive  built  at  Freiberg,  Saxony,  in  1893  comprised  four  single  fur¬ 
naces  of  three  muffles,  each  with  hearths  6*25X1*5  m.  The  lowest  muffle  was 
0*23  m.  high  at  the  center  and  0*125  m.  at  the  sides ;  the  two  upper  muffles 
were  0*28  m.  at  the  center  and  0*175  m.  at  the  sides.  The  exterior  walls 
were  0*5  m.  thick;  the  interior  dividing  walls  0*25  m.  There  were  two  fire¬ 
places  to  the  massive.  The  burning  gas  passed  first  under  the  lowest  muffle 
and  returned  over  the  uppermost. 

At  the  Guidottohutte  the  Hasenclever  furnaces  have  four  muffles,  of 
which  only  the  two  lower  are  heated  extraneously,  the  two  upper  being 
eated  by  the  burning  of  the  sulphur  alone.  One  fireplace  heats  a  massive. 

u*ghto^  T?aSt  10,000  of  ore  Per  hours,  the  consumption  of  coal 
being  20%  of  the  weight  of  the  raw  ore.1 

mnnnie  Si,1f,iah"tt!’  IJPine>  >“  >805,  eight  men  per  84  hours  roasted 
10,000  kg.  of  blende  down  to  1%  S,  with  consumption  of  85%  of  low  grade 

5%  so"*  t0  th0Se  at  the  The  gas  contained 

L“  1895,  eight  m™  Per  84  hours  roasted  7000 

™il  onTmumioo0  8  iU  “  tmM<*  ot  lhw  muffles  in  height.  The 

eoalcomnmptmn  was  8400  kg.,  or  34%.  The  gas  contained  6%  SO,  by 

.Mr-  B"g-  “• 

kunde,  II,  76, 

’  Schnabel,  loc.  elt. 
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At  Stolberg,  Rhenish  Prussia,  eight  men  per  24  hours  roasted  9000  kg.  of 
ore  down  to  0-o  to  14)  %  S,  except  that  calcareous  and  magnesian  ores  may 
still  contain  2  to  3%  S.  The  raw  ore  assays  27  to  28%  S.  The  consumption 
of  coal  is  20%  of  the  weight  of  the  raw  ore.  A  temperature  of  1000°  C.  is 
attained  during  the  roasting.  The  ore  is  crushed  to  2  mm.  size.  Four 
charges  are  drawn  per  24  hours. 

At  Dortmund,  in  1894,  the  massives  comprised  four  single  furnaces, 
each  of  three  muffles.  The  hearth  dimensions  were  5X1*6  m.  (16-4X5-25 
ft.),  giving  a  total  hearth  area  of  1033  sq.  ft.  per  massive.  Each  hearth  had 
five  working  doors.  The  muffles  were  0-4  m.  (16  in.)  high  in  the  center.  Each 
furnace  was  attended  by  one  man  per  shift  (eight  men  per  massive  per  24 
hours),  who  drew  two  charges  of  500  kg.  each  per  shift  (12  hours),  cor¬ 
responding  to  8000  kg.  per  massive,  or  9300  kg.  (20,500  lb.)  of  raw  ore  if  the 
loss  of  weight  in  roasting  were  14%.  This  would  be  equivalent  to  approxi¬ 
mately  20  lb.  per  sq.  ft.,  each  man  per  shift  attending  to  258  sq.  ft.  of 
hearth.  The  consumption  of  coal  (average  of  24  furnaces  in  the  works) 
was  17-7%  of  the  weight  of  the  roasted  product,  which  would  correspond  to 
15-2%  of  the  weight  of  the  raw  ore.  The  roast  gases  contained  7%  S02. 
The  ore  roasted  (blende  from  Greece,  Spain,  the  Harz  and  Westphalia) 
assayed  23  to  27%  S  and  was  burned  to  0-4  to  1-5%  S.  It  was  crushed  to 
2-5  m.  size.  On  the  uppermost  hearth  it  was  caused  to  lay  as  much  as  20  cm. 
thick;  on  the  lftiddle  hearth,  13  to  15  cm.;  on  the  lowest,  about  10  cm. 
Each  massive  has  two  fireplaces,  which  are  set  side  by  side  at  one  end  of 
the  massive.  Beneath  the  lowest  hearths  of  each  side  of  the  massive  there 
are  two  flues,  extending  the  entire  length  of  the  massive.  The  burning  gas 
passes  first  through  one  of  those  flues,  then  returns  through  the  other  to 
the  fire  end  of  the  furnace,  then  passes  up  through  a  vertical  exterior  flue, 
whence  it  traverses  a  flue  above  the  uppermost  muffle;  from  the  la^t  it 
passes  to  a  canal  leading  to  the  chimney,  which  is  common  to  a  number  of 
furnaces.  The  air  required  for  oxidation  of  the  ore  is  preheated  by  circula¬ 
tion  through  ducts  beneath  the  flues  under  the  lowest  muffle. 

The  Bhenania  furnaces  in  use  at  Oberliausen,  in  1894,  had  three  muffles, 
and  two  furnaces  were  combined  in  a  massive.  The  hearths  \\(  rc  1 
(32-8X6-9  ft.=226  sq.  ft.).  The  total  hearth  area  was  therefore  ^X>fX^» 
=1356  sq.  ft.  Each  muffle  had  seven  working  doors,  1-6  m.  apart,  center 
to  center,  except  the  lowest  muffles,  which  had  only  f-ix  oorN  u  J’lU 
of  the  seventh  being  occupied  by  the  fireplaces,  lho  muffle  wc™  '  m' 
high  in  the  middle.  The  grates  of  each  of  the  two  fireplaces  "erp  ' 
(5-9X1-31  ft.=7-73  sq.  ft.).  The  lowest  hearth  was  0-54  m.  (about  20  in.) 

1  Revue  Fnlverselle  des  Mines,  1894,  XXV,  38. 
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above  the  level  of  the  floor  of  the  furnace  house ;  the  uppermost  hearth  was 
1-54  m.  (60  in.)  above  the  level  of  the  floor.  Each  furnace  was  attended 
by  two  men  per  12  hours,  or  eight  men  per  massive  per  24  hours.  The 
output  per  massive  per  24  hours  was  6000  kg.  in  the  case  of  rich  ore ;  8000 
kg.  in  the  case  of  poor  ore.  The  burning  gas  passes  first  under  the  lowest 
muffle,  being  divided  between  two  flues,  then  passes  upward  through  a  flue 
at  the  end  of  the  furnace  and  returns  above  the  uppermost  muffle.  The  air 
for  oxidation  of  the  ore  is  preheated  by  passage  through  ducts  beneath  the 
lowest  combustion  flues.  The  consumption  of  coal  is  16  to  17%  of  the 
weight  of  the  roasted  ore.1  Assuming  that  the  capacity  of  the  furnace  was 
7000  kg.  and  the  loss  of  weight  in  roasting  14%,  the  equivalent  in  raw  ore 
would  be  about  8100  kg.  (17,857  lb.).  Reckoning  the  hearth  area  as  1300 
sq.  ft.  (allowing  for  the  fireplaces)  the  quantity  of  ore  roasted  per  24  hours 
per  square  foot  of  hearth  was  approximately  14  lb.,  one  man  per  shift 
having  to  attend  to  325  sq.  ft.  of  hearth.  The  consumption  of  coal  on  the 
basis  of  raw  ore  appears  to  have  been  but  little  more  than  14%. 

Hascnclevcr  £•  Ilclbig  Furnace. — This  furnace  was  widely  used  bv  zinc 
smelters  in  Europe  until  a  few  years  ago,  when  it  was  finally  displaced  by 
the  new  Hasenclever  and  other  improved  types.  It  was  itself  a  development 
of  an  earlier  form,  dating  back  about  30  years,  in  which  the  ore  was 
caused,  as  in  the  old  Kerpely  furnace,  to  descend  a  series  of  inclined  shelves 
in  a  zigzag  course.  The  same  idea  has  found  a  recent  application  in  the 
Cermak-Spirek  furnace,  previously  described. 

In  the  improved  Hasenclever-TIelbig  furnace  there  was  an  inclined  hearth 
sloping  at  an  angle  of  43°,  from  the  roof  of  which  there  were  projecting 
tiles  every  0-5  m.  which  reached  within  a  few  centimeters  of  the  hearth. 
These  served  to  cause  the  ore  to  lie  in  a  thin  sheet  on  the  hearth.  The  ore 
descending  the  inclined  hearth  by  gravity  arrived  on  a  horizontal  hearth, 
upon  which  it  was  worked  forward  by  hand ;  it  was  then  dropped  through 
a  hole  to  a  lower  horizontal  hearth,  upon  which  it  was  worked  by  hand  back 
to  the  fire  bridge,  where  it  was  discharged. 

The  gas  from  the  fireplace,  or  generator,  was  burned  over  the  lower  hori¬ 
zontal  hearth,  which  was  consequently  a  simple  reverberatory;  it  then  was 
conducted  through  flues  over  the  upper  horizontal  hearth,  which  was  there¬ 
fore  a  muffle,  and  under  the  inclined  hearth  to  a  flue  leading  to  the  chimney. 
The  sulphur  driven  off  on  the  lowest  hearth  was  of  course  lost.  The  gas 
from  the  upper  horizontal  hearth  escaped  to  the  sulphuric  acid  department 
through  the  inclined  muffle.  Inasmuch  as  the  plates  hanging  from  the  roof 
of  the  latter  would  prevent  direct  passage,  ports  were  arranged  in  the  side 
'Data  communicated  by  Mr.  Ross,  Revue  Unlverselle  des  Mines,  XXV,  47  et  seq. 
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Scale  of  meters. 

oi  Hasenclever  &  Helbig  Furnace. 

FlGS.  ^  AND  •  ^  ^  r,j  pig.  91 :  Horizontal  section  on  line  A  B 


lg.  00 :  Vertical  section  on 


llg  so  that  the  gas  could  pass  back  and  forth  through  each  division  in 

succession.  ,  . 

The  arrangement  of  this  furnace  is  illustrated  in  the  accompanying  en¬ 
graving,  which  shows  a  fluted  wheel,  tv ,  for  the  regular  discharge  of  the  ore 


-D- 


—  B 
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from  the  inclined  hearth  to  the  upper  horizontal  hearth.  Two  such  furnaces 
were  commonly  united,  back  to  back,  in  a  block. 

A  furnace  of  the  dimensions  shown  would  roast  3000  to  4000  kg.  of  ore 
in  24  hours  down  to  1%  S  with  a  consumption  of  25  to  50%  of  coal,  yield- 
ing  a  gas  from  the  muffles  which  contained  6%  S02  by  volume.  At  Ober- 
liausen  furnaces  of  this  type  had  the  following  dimensions:  reverberatory 
hearth,  1-8X5-7  m. ;  horizontal  muffle,  1-8X7-5  in.;  inclined  muffle,  1-8X10 
m.;  gas  producer,  1-8X0-G  m.  In  roasting  ore  assaying  26-44%  S,  at  the 
end  of  the  inclined  hearth  (temperature  of  red  heat)  its  tenor  in  sulphur 
was  8-2% ;  at  the  end  of  the  horizontal  muffle  (bright  red),  6-2% ;  and  at 


Fig.  92.  Brown  Muffle  Furnace. 

Transverse  vertical  section.  Scale.  1 :  40. 

roasted  °'55  ‘°  In  24  «■ 

Ztof  fit  I0™  "I  “  ”nS™P‘i'»  W50  kg.  of  coni  and  th 

labor  ot  live  men,  the  roast  gases  assaying  5  to  an  u  t 

furnaces  were  managed  by  five  men  per  shift  tIIJZZ  ^  Z 
furnaces  at  Oberhausen  was  12  fr.  Z  1000  W  ^  g  “ 

in  the  double  hearth  reverberatories.*  At  the  B  with  7@8  fl 

the  average  duty  per  furnace  was  3500  k!Iff  te’  ln  IJpper  S,leSU 

down  to  1%  S  with  the  consumption  of  2000  IT  T  Kl  24  h°UrS’  ^  ' 
3500  kg.  corresponds  to  about  17  lb  por  so  ft^  +°i  T T,ie  roastm?  0 
sq.  ft.  1  1  L'  the  hearth  area  being  45' 


1  Mahler,  Annales  des  Mines 
*  Berg-  u.  Iliittenm.  Ztg.,  1S77,’ 


VII, 
P-  71. 


,,l»  512  (1885). 
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Mechanically  Raked  Muffle  Furnaces. 

Brown  Muffle  Furnace. — This  is  built  in  the  same  manner  as  the  “straight 
line’’  furnace,  previously  described,  but  a  series  of  longitudinal  combustion 
flues  are  placed  under  the  hearth  so  that  the  latter  is  heated  without  admix¬ 
ture  of  coal  combustion  products  with  the  sulphurous  gas.  At  the  ends  of 
the  roasting  chamber  there  are  two  swinging  doors,  the  distance  between 
them  being  such  that  one  is  opened  and  shut  before  the  other  is  opened, 


Fig.  93.  Falding  Furnace. 

Transverse  sections  through  hearths.  The  left-hand  side  is  a  section  through  the  arches 
which  support  the  hearth  tiles;  the  right-hand  side  is  a  section  through  the  columns  which 

carry  the  stirring  arms.  _ 

Scale,  1  in.  =  1  ft. 


whereby  an  excessive  admission  of  air  is  prevented.  Only  one  of  these 
furnaces  has  been  built,  that  one  by  the  Bergwerks  Gesellschaft  G.  von 
Giesche’s  Erben  in  Upper  Silesia,  and  the  results  attained  with  it  have  not 
l»een  communicated.1  It  had  a  hearth  area  of  10X150  ft.,  and  was  to 
be  heated  by  prodticer  gas.  It  is  shown  in  transverse  section  in  Fig.  92. 
The  ironwork  for  such  a  furnace,  including  a  9 XU  in.  slide  valve  engine, 

1  It  is  in  use  at  the  Bernhardihiitte. 
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Fig.  94.  Falding  Furnace. 

Longitudinal  section  through  center  of  hearth. 
Scale,  $  in.  =  1  ft. 
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feeder  and  four  stirrer  carriages,  weighs  73,000  lb.  and  in  August, 
fjf. ost  $b25  1.  0.  t).  Chicago.  The  cost  of  the  furnace  erected  in 
r;’  or  Missouri,  not  including  chimney,  or  the  gas  producer  and  its 

-^ries  would  probably  be  about  $12,000. 

3  Folding  Furnace. — This  furnace,  of  which  one  example  has  been  erected 


~f 

fP~T  ,  __X3 

\  Bloat 

LI  -L 

J — i-  V.  •  > 

-* — V  Eiha  ui  ter  • 
\  BiM  &0  •  i 

Fig.  95.  T'aldino  f',rnace;  lns,  h„s  nr. 

Longitudinal  ,,ct.on  through  «ro  boa.  »'  «'•«"> 

boxes,  two  for  each  side,  but  this  arrangement 

either  for  direct  or  for  gas  firing.  t  t«  —  1  ft 

Scale,  J  in.  —  a 

•  i  n •  of  Mineral  Point,  Wis.,  is  a 

at  the  works  of  the  Mineral  Point  Zinc  C  ’•>  _  lowest  hearth.  Two 

tbree-beartb  furnace  with  combustion  ues  x  wap  Each  hearth  is 

furnaces  are  united  in  a  block,  with  a  common  m  ft.  In 

10X50  ft.,  so  the  total  hearth  area  of  a  double  furnace 
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each  section  of  the  furnace  there  are  seven  vertical  axes,  eacli  one  bearing  a 
stirrer  arm  on  each  hearth.  The  axes  stand  on  steps,  in  a  longitudinal 
tunnel  under  each  section  of  the  furnace,  and  are  turned  by  gearing  from  a 
horizontal  shaft,  which  can  receive  its  power  in  any  suitable  manner. 

In  operation,  the  ore  is  fed  on  the  uppermost  hearth  in  the  circle  com¬ 
manded  by  the  stirrer  of  the  first  axis,  which  gradually  sweeps  it  around 
in  the  direction  of  its  travel.  The  circle  of  the  second  axis  intersects  that 
of  the  first,  so  that  when  the  second  stirrer  comes  around  it  engages  ore, 
which  has  been  left  by  the  first,  and  carries  it  out  of  the  reach  of  the  first 
stirrer  into  the  second  circle.  The  circle  of  the  third  axis  intersects  that 
of  the  second,  and  so  on,  and  thus  the  ore  is  carried  forward  to  the  end  of 
the  hearth,  where  it  drops  through  a  hole  to  the  second  hearth.  On  the 
latter  it  is  moved  in  the  same  manner  in  the  opposite  direction,  and  on  the 
third  hearth  back  in  the  original  direction  to  the  hole  through  which  it  is 
discharged  as  a  finished  product. 

Of  course  the  stirring  arms  of  the  various  axes  are  set  at  such  angles 
that  there  will  be  no  interference  during  their  revolutions.  They  are  cooled 
by  drawing  air  through  them  by  means  of  a  Sturtevant  exhauster,  the  air 
being  taken  from  the  atmosphere,  passing  through  the  stirring  axes  and 
arms  to  the  exhauster  and  thence  being  delivered  into  the  furnace,  so  that 
the  heat  abstracted  from  the  latter  is  returned  to  it,  minus  the  loss  by  radi¬ 
ation  in  transit.  There  are  doors  in  the  side  of  each  hearth  chamber  for 
exc  ian&e  of  stirrer  arms,  or  other  repairs,  but  ordinarily  they  are  sealed  and 
the  air  that  is  required  for  oxidation  of  the  sulphur  is  forced  in  by  the  fan, 
so  that  the  supply  is  under  complete  control,  the  furnace  being'  perfectly 


tr/parl!1  L  :*?urnaee  the  stirring  arms,  of  which  there  was  one 

traveled  clT  '  °U  ,?ch  ™6’  'mc  turnwt  >"  the  same  direction.  The  ore 

Senes  0f  C,m'e6  «  »"  «Kta  of  the  hearth.  This 
Tes  are  t  ,1/  ""satisfactory,  ami  in  the  later  designs  alternate 

l.ke  nS’  Which  <*"«*  «»  "to  to  take  a  snake- 

two  arms  per  hearth.  “"'“"f''0*1  m  the  totter  manner  each  one  has 

especially  ncrtfwlrth^mong  wWch"?  the tT  *1’°  deteils  construcd?“' 
latter  are  formed  by  thin  tfline,  vhi‘  m?thod  of  ^"8  the  hearths.  The 

brick  molded  in  the  speeial alp^n^T  XT™  ?  Tl 

clearly  in  the  accompanying  engravings.  ‘  TllS  construction  1S  sho 
Haas  Furnace. — The  Haas  fnmono  • 

type,  the  hearths  being  separated  bv  . °f  the  McDoUga! 

•  table  flucs  through  which  the  prod- 
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uds  of  combustion  from  the  fireplace  are  made  to  pass.  The  construction  of 
this  furnace  is  illustrated  in  the  accompanying  engraving,  which  shows  four 
hearths.  On  each  hearth  there  is  a  two-arm  rabble,  which  is  supported  by 
and  revolved  by  a  vertical  shaft  in  the  usual  manner.  Each  pair  of  muffles 
is  connected  by  a  flue  in  the  wall  of  the  furnace  for  the  passage  of  the  sul- 


D 


Figs.  96  to  98.  Haas  Furnace. 

Fig.  06 :  Vertical  section  on  line  E  B' 
of  Fig.  98.  B'ig.  97 :  Vertical  section 
on  line  C  D  of  Fig.  98.  Fig.  98 :  Hor¬ 
izontal  section  on  line  A  B  of  B'ig.  96. 


phurous  gas,  and  also  by  an  opening  through  which  the  ore  may  drop 
through  to  the  hearth  next  below.  The  furnace  is  fired  by  producer  gas, 
which  is  made  to  pass  through  the  flues  under  the  hearth  of  each  roasting 
chamber,  rising  from  one  set  of  flues  to  those  of  the  next  hearth  above 
through  a  duct  in  the  side  wall  of  the  furnace.  After  leaving  the  heating 
flues  of  the  topmost  hearth,  the  gas  is  conveyed  downward  through  a  vertical 
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flue  into  a  horizontal  flue  which  leads  into  a  recuperator  for  heating  the 
air  used  for  oxidation  of  the  ore.  The  hot  air  is  introduced,  through  a  flue 
in  the  side  wall,  into  the  lowest  roasting  chamber,  and  traverses,  together 
with  the  sulphurous  gas  which  is  evolved,  all  the  roasting  chambers  in  suc¬ 
cession,  finally  escaping  through  a  flue  leading  from  the  uppermost  cham¬ 
ber.  The  ore  is  charged  on  the  uppermost  hearth  through  a  suitable  open¬ 
ing  in  the  roof  and  is  gradually  moved  forward  by  the  blades  of  the  rabbling 
arms.  The  vertical  shaft  can  be  turned  either  to  the  right  or  to  the  left. 
Tt  has  two  cast  iron  arms  in  each  roasting  chamber,  the  blades  of  one  arm 


being  movable  and  those  of  the  other  arm  being  fixed  obliquely.  By  means 
of  a  lever  the  movable  blades  can  be  set  so  that  the  ore  will  be  pushed 
either  toward  tho  center  or  toward  the  circumference  of  the  hearth.  When 
the  ore  is  to  be  pushed  from  one  hearth  to  the  one  next  below,  the  blades 
arc  set  to  push  the  ore  toward  the  circumference,  wherein-  the  ore  will  be 
slmred  into  the  slot  there,  this  slot  being  closed  by  a  slide  when  so  desired. 
These  furnaces  are  sometimes  connected  with  a  long  rectangular  muffle 
furu.ee  mlo  winch  the  ore  ,s  discharge,!  from  the  lowest  circular  hearth. 

At  Obcrhauseu  a  furnace  of  this  type  is  connected  with  a  two-hearth 
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tabular  muffle  furnace.  The  circular  hearths  arc  2-5  m.  in  diameter, 
^  thicknoss  of  the  hearths  being  0-1  m.  From  the  lowest  circular  hearth 
,!  ore  passes  to  two  superimposed  rectangular  hearths,  each  0  m.  long, 
^  four  working  doors,  in  which  the  roasting  is  completed  by  manual 
rabbling.  Above  the  upper  hearth  there  is  a  dust  chamber  of  24  cu.  m. 
capacity  Two  furnaces  are  combined  in  a  massive.  The  ore  roasted  con¬ 
tains  on  the  average  25%  S.  The  sulphurous  gas  obtained  has  a  tenor  of 
C  to  7%  SO,,  and  is  used  for  the  manufacture  of  sulphuric  acid,  the 
furnace  is  managed  by  one  man  per  shift  and  puts  through  3400  kg  of 
blende  per  24  hours  with  a  coal  consumption  of  17%  of  the  weight  of  the 
calcined  ore  for  heating  and  5%  for  power.  The  roasted  product  contains 

on  the  average  1%  S.1  These  furnaces  were  introduced  at  Obcrhausen  in 

E 


■*- i  y  III  lUl/T  euu 

were  of  this  type.  (ur„aeo,  which  ,,a3  been  used  by  the 

llegeler  Furnace.-- The  H_g  Ue  IU  since  1881,  may  be  con- 

Matthiessen  ft  Hegeler  Zme  .  •  ■  furnace>  though  in  its  pres- 

eidered  a  modified  and  greatii  8  prototype.  It  is  of  special  inter- 
cut  form  it  Shows  litt  e  £%££££££  to  be  employed  sueeess- 
est,  inasmuch  as  it  was  the  r  •  „  jted  Statcs.  Since  the  fundamental 

fully  for  blende  roasting  it'  ,u,on  aaoptod  als0  by  the  Illinois  Zinc 

patent  on  t1,is  f.n^«xp  Ap.,  ^  of  Iok,  Kan.,  which,  while 

Co.,  at  1  era.  n  nattonn.  as-  issr;  Revne  UnlverseUe  a,s  Mines. 

1  German  patent  No.  -3,081 ,  1894,  p.  38. 
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preserving  the  general  features  of  its  construction,  have  altered  the  number 
and  dimensions  of  the  hearths  and  the  method  of  moving  the  rakes. 

The  Hegeler  furnaces  at  Lasalle  are  seven  hearths  high.  The  lower 
hearths  are  heated  by  gas  burned  in  the  flues  beneath  them,  air  for  combus¬ 
tion  of  the  gas  being  admitted  through  ports  arranged  at  proper  intervals 
along  the  flues.  Air  for  oxidation  of  the  sulphur  is  admitted  to  the  roasting 
chambers  in  a  similar  manner.  The  Hegeler  furnace  has  undergone  impor¬ 
tant  modifications  since  it  was  originally  designed,  but  the  accompanying 
illustrations,  which  are  taken  from  the  patent  specifications  dated  August  12, 
1884, 1  will  serve  as  a  basis  for  a  description  of  the  furnace  now  in  use. 

The  furnaces  shown  therein  are  50  ft.  long  and  12  ft.  wide,  with  muffles 


Figs.  101  and  102.  Hegeler  Furnace. 

Transverse  vertical  sections. 


on  each  side  of  the  middle  longitudinal  wall.  The  hearths  are  made  of  one 
course  of  arched  fire  brick  4-5  in.  thick,  resting  on  skewbacks  in  the  central 
and  outside  walls.  The  muffles  thus  formed  are  7-5  in.  high  and  4-5  ft. 
wide;  they  open  at  each  end  of  the  furnace,  where  there  is  a  corresponding 
iron  platform  supported  by  a  movable  framework  or  car.  At  regular  inter¬ 
vals  in  the  side  walls  of  each  muffle  there  are  openings  d,  ordinarily  closed, 
through  which  tools  may  be  inserted.  Each  muffle  also  has  an  opening,  eh 
leading  into  a  main  flue  for  the  passage  of  the  sulphurous  gas.  Flues  F 
under  the  lowest  muffle  on  each  side  convey  hot  air.  which  is  led  into  the 
muffles  through  branch  flues  f*  and  ports  e.  One  or  more  of  these  branch 
flues  F  are  used  m  the  roasting  process,  depending  on  the  character  of  the 
>E.  C.  Hegeler.  United  States  Patent  No.  303.531. 
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be  roasted,  the  others  being  stopped  off  in  the  meanwhile.  The  sup- 
1  °f  hot  air  to  each  muffle  is  regulated  by  enlarging  or  contracting  the 
1  }  i°  which  is  effected  by  means  of  small  openings  through  the  outer  wall 
intVthe  branch  flues  F1  opposite  to  the  ports,  which  are  ordinarily  kept 

^Atfeach  end  of  the  furnace  there  is  a  frame  II,  supporting  the  rake  rods, 
which  is  set  at  a  sufficient  distance  from  the  end  of  the  furnace  to  allow 
room  for  the  car  N.  The  frame  II  has  a  series  of  supports  corresponding  to 
each  muffle  and  a  series  of  rods  G  resting  on  the  supports  in  such  a  position 
that  they  can  be  thrust  lengthwise  through  the  furnace.  The  frame  also 
ha,  mechanism  for  thrusting  in  the  rods  and  draw.ng  them  out.  rhis 
mechanism  consists  of  a  shaft  J  driven  in  any  convenient  manner  and  ar¬ 
ranged  so  as  to  be  operated  in  both  directions.  Shafts  J\  which  are  driven 


Figs.  103  to  105.  ^ 

fig.  103:  Vertical  longitudinal  section  oniine  at*n  of  rake  operating  mechanism, 

of  rake  operating  mechanism.  rig* 

b5.  miter  gearings,  are  connect  to 

by  they  con  be  disengaged  by  mean.  which 

pulleys  K2  are  -tad-4  and^e  shafts^  are  f  ^  ^ 

have  grooved  pulleys  A  .  111  ,  *  mlilev  A3  toward  the 

and  X*  by  springs  h  arranged t  o  The  shafts  „£  the  grooved 

other,  thus  causing  the  pulley^  P  P  ^  ^  fte  cot,pling  K  is  connected 
pulleys  are  connected  by  8^  to  shafts  J<  and  J2  and  the  pulleys 

the  motion  of  shaft  J  w  c  into  the  muffle,  or  in 

can  he  operated  in  one  d.rerfion  to  ^ust  ttie^  ^  and  P>  fa  em- 

the  other  direction  to  draw J  Jj  fte  ^  G_  ^  arranged  as  to  be  operated 
ployed  in  connection  with 

separately. 
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The  cars  N  have  a  series  of  platforms  n  corresponding  in  number 
height  with  the  hearths  of  the  muffles ;  they  are  used  for  the  purpos  f 
holding  and  transporting  the  rakes  I,  which  are  employed  for  stirring] 
ore.  In  later  forms  of  the  Hegeler  furnace  these  cars  were  abandoned  in 
favor  of  a  permanent  swinging  framework,  to  be  described  subsequently 
which  obviates  the  necessity  of  transporting  the  rakes  around  the  furnace  '  ’ 
The  form  of  the  rake  and  the  method  of  connecting  it  with  the  rods  G  is 
shown  so  clearly  in  the  accompanying  engraving  that  no  special  description 
is  required,  save  to  remark  that  the  sides  are  made  of  flat  iron  so  arranged 
at  the  forward  end  as  to  scrape  the  sides  of  the  muffle  and  prevent  the  ore 
from  packing  there.  The  design  of  the  rake  is  such  as  to  insure  that  the 
ore  will  be  plowed  up  from  the  hearth  and  building  up  of  the  latter  will  be 
prevented.  The  travel  of  the  ore  is  governed  by  the  length  of  the  rake  and 
the  number  of  triangular  transverse  scrapers.  The  rake  is  made  almost 
the  full  width  of  the  hearth  and  is  about  6  ft.  long.  In  construction  it  is 


Fig.  106.  Hegeler  Furnace. 

Perspective  view  of  portion  of  hearth,  showing  rake. 

very  massive.  For  a  50X4-5  ft.  furnace  it  weighs  about  550  lb.  One  rake 
mp  °.u  or  each  pair  of  muffles  on  the  same  level;  when  not  in  use 

'  ar<  '  011  the  platforms  n  of  one  of  the  cars  to  cool,  remaining  in 

proper  poethon  for  passage  through  the  muffle  again.  The  rods  0  are  pro- 

f,  /iW,u  °  iar  it'‘  1,ead  torres ponding  with  a  suitable  device  in  the  rake 

<hmvn !  Chp-g  "oo  dotfl'intr  lhe  rak«  to  and  from  the  rods.  The  furnace 

X 1 ^  »  “2  100  haS  dra™S  rods  °”*.v  at  one  end.  there  being  a 

t°on  and  e  C,  m  *'«  “re  be  moved  oniv  in  one  direr- 

been  onl  dt  1,ractical1.'' «  separate  fnrnace.  After  the  rakes  had 

she  end  o  f  'n,gl:  “  "S  necrasar-'-  t»m  ‘hem  around  to  the  oppo- 

clumsiness  of  fl  .UrnaC°  °  Put  ^10m  in  position  for  another  passage.  The 

To  l  a  »  warrangemeirt  is  of  «™se  obvious. 

107  the  om  ifcW  T/ th*  ™  longitudinal  aeeiion  in  Fig 

the  ore  .a  charged  through  a  hopper  a  and  after  passing  along  the  upper- 
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most  hearth  falls  through  the  opening  b  to  the  next  hearth  below,  traveling 
thus  over  each  hearth  in  alternate  directions.  In  this  furnace  the  sulphur¬ 
ous  gas  passes  through  each  muffle  in  opposite  direction  to  the  ore,  finally 
escaping  from  the  uppermost  muffle  into  the  gas  main.  The  rake  rods  G  are 
alternated  in  the  respective  frames  so  as  to  correspond  on  each  side  with 
every  other  muffle,  instead  of  with  every  muffle  as  described  above,  and  inas- . 
much  as  the  ore  is  made  to  move  in  opposite  directions  a  system  of  rods  is 
required  at  each  end  of  the  furnace.  This  system  was  naturally  of  greater 
advantage  than  the  one  first  described,  although  the  necessity  of  a  rod  sys¬ 
tem  at  each  end  required  of  course  a  much  greater  ground  space.  The  rakes 
had  to  be  trammed  around  the  furnace,  however,  as  before. 

The  furnaces  illustrated  in  the  accompanying  engravings  do  not  show  com- 


Fig.  107.  Hegeler  Furnace. 

Longitudinal,  vertical  section. 

bastion  flues  under  the  hearth.  In  the  later  fnrnaces, 
present,  combustion  flues  are  provided,  th 

having  such  flues  under  the  sixth  and  —  hearths,  ' "  h  * 7 'o  ft 
furnace  has  in  addition  a  flue  under  the  fifth  hearth  The  pr^entto 
naces  are  built  very  solidly  of  brick  with  wa  s  .  *  >{  ^  flirnaec  js 

by  tie  rods  and  buckstaves  in  the  ™hich*  the  ore  is  dumped  midway 

covered  with  a  corrugated  iron  plate,  on  one  enj  0n  one 

between  the  ends.  From  this  point  it  is  draggec  .  means 

side  of  the  furnace  and  to  the  opposite  end  on  By 

of  a  conveyor,  having  fingers  working  in  t  ie  corruS  f  having  been 

this  device  the  ore  is  charged  automatically  into  the  furnace,  g 
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dried  in  the  meanwhile.  Having  been  dropped  on  the  first  or  Upn 
hearth  it  is  raked  slowly  forward  to  the  hole  through  which  it  drop*  on  t°vf 
second  hearth,  and  so  on,  to  the  discharge  from  the  lowest  hearth 

The  furnace  is  closed  at  the  ends  by  heavy  iron  doors  swinging  on  hinges 
which  are  balanced  by  counter  weights  so  as  to  open  and  close^easilv  after 
passage  of  the  rakes.  Some  air  enters  the  furnace  at  the  end  of  each  hearth 
during  the  stirring  of  the  charge,  but  the  chief  supply  is  obtained  through 
ports  at  the  side  of  the  hearth,  connecting  with  channels  in  the  side  walk 
The  air  for  the  combustion  of  the  gas  is  drawn  from  the  same  channels. 

At  each  end  of  the  furnace  as  now  designed  there  is  a  carriage  to  receive 
the  rakes,  which  is  essentially  a  steel  framework  of  skeleton  platforms,  corre¬ 
sponding  to  the  hearths  of  the  furnace,  swinging  around  a  heavy  post.  The 
rake  rods,  which  are  steel  bars  2  in.  sq.,  are  operated  in  substantially  the 
same  manner  as  described  for  the  older  furnaces.  The  present  method  of 


Fig.  108.  Hegeler  Furnace. 

Method  of  supporting  rake  rods. 


raking  the  ore  is  as  follows :  Assuming  that  the  charge  :n  the  left-hand 
side  of  the  furnace  is  to  be  rabbled,  the  carriages  with  the  rakes  are  put 
in  position  at  the  ends  of  the  furnace  from  which  they  are  to  be  drawn. 
Beginning  with  the  first  hearth,  the  door  at  the  opposite  end  is  lifted  and 
the  rod  is  passed  in.  Having  issued  through  the  opposite  door  the  rake  is 
coupled  on  by  means  of  the  ball  and  socket  joint,  and  at  signal  from  the 
man  at  that  end  of  the  furnace,  the  machinerv  at  the  other  end  is  reversed 
and  the  rake  is  dragged  through  the  muffle,  being  received  on  the  corre¬ 
sponding  carriage  at  the  opposite  end.  In  raking  the  next  lower  hearth  of 
course  the  rake  travels  in  the  opposite  direction.  When  the  raking  of  one 
side  of  the  furnace  is  completed  the  carriage  at  each  end  supporting  the 
rakes  is  swung  around  180°,  so  that  it  comes  opposite  the  doors  of  the 
hearths  of  the  other  side,  when  the  raking  is  proceeded  with  in  precisely 
the  same  manner.  Thus  the  carriage  for  each  hearth  travels  in  circuit 
through  the  left-  and  right-hand  side.  Of  course  the  ore  moves  in  opposite 


ROASTING  FURNACES. 


151 


airections  in  the  two  sides.  x\t  each  end  of  the  furnace  there  is  a  platform 
car  on  a  track  on  which  the  man  connecting  and  disconnecting  the  rakes 
stands  when  the  upper  hearths  are  being  worked. 

In  thrusting  the  rods  through  the  muffles  it  used  to  be  necessary  to  employ 
a  detachable  guide  M  with  arms  m  (see  Fig.  99)  to  keep  it  in  line  and  pre¬ 
vent  it  from  being  deflected  to  one  side  and  gouging  the  brick  wall  of  the 
muffle  and  perhaps  sticking  fast  in  one  of  the  cleaning  holes.  An  improve¬ 
ment  on  this  and  also  in  the  method  of  supporting  the  rake  rods  was  recently 
introduced  by  Julius  W.  Hegeler,1  it  having  been  found  that  with  the  longer 
furnaces  the  rods  became  so  bent  and  warped  by  the  heat  that  it  was 
difficult  to  keep  them  in  place  in  their  supports  or  make  them  work  easily 


Side  elevation  of  truck  supporting  rear  end  of  rod 


Side  view  of  front  end  of 
rod  provided  with  shoe 


Transverse  section  of  shoo 
on  line  5-5 


Plan  of  truck 


Figs.  109  to  112.  Hegeler  Furnace. 

Details  of  rake  rods. 


lercin,  while  the  guide  above  referred  to  caused  a  loss  of  considerable  time 

1  Caching  and  detaching  it.  -xi,  nT1 

In  the  improved  device  the  front  end  of  each  rod  is  F°'1(_  back 

ft’owhead  b  for  connecting  it  with  the  rake.  A  cast  iron  s  oo  >  £rom 

f  the  arrowhead,  prevents  it  from  catching  in  the  cleaning  o  ^  ^ 

Gln/  by  sliding  on  the  hearth.  Instead  of  permitting  on 

°  trag  in  troughs  formed  by  angle  bars,  tracks  are^  ^  A  series 

f  lc  1  are  placed  trucks  E\  supporting  the  rear  cm  .  the  rods  in 

anged  rollers  e  between  the  track  rails  supp  ■  rp  p]a^e  Q 

^  bo  that  they  may  he  worked  easily.  The  truck  has  a  P 

United  States  patent  No.  592,006,  Oct.  19, 
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mounted  on  the  front  axle  and  on  the  rear  axle  a  plate  G1,  of  which  the 
front  end  is  bent  upwardly  and  backwardly,  as  shown  in  Fig.  109.  There  is 
an  opening  in  the  upturned  part  through  which  the  T  plate  G  can  pass. 
There  is  also  a  plate  G~  on  the  rear  axle  with  an  upturned  flange  g,  having 
a  similar  opening  for  a  like  purpose.  Holes  are  provided  in  these  plates  at 
g1  for  a  hanger  II,  by  which  the  rear  end  of  the  rod  B  is  connected  with  the 
truck  below  the  axles.  The  shoe  F  is  made  in  halves  secured  together  upon 
the  rod  by  rivets  f.  It  is  made  with  a  bevel  at  the  front  end  and  is  of 
sufficient  length  as  regards  the  cleaning  openings  to  pass  them  if  in  contact 
with  the  sides  of  the  muffle  without  being  caught  thereby.  Because  of  its 
thickness  and  of  its  being  made  of  cast  iron,  the  shoe  is  not  likely  to  be 
bent  or  warped  by  the  heat,  and  it  not  only  keeps  the  forward  end  of  the 
rod  straight,  but  tends  to  keep  it  in  a  straight  course  through  the  furnace, 
so  that  ordinarily  it  will  not  be  deflected  toward  cither  side. 

The  crew  for  each  furnace  consists  of  four  men  per  shift,  two  at  each  end, 
of  whom  one  is  at  the  levers  and  the  other  attends  to  the  rakes.  The  total 
time  required  for  coupling  a  rake  to  the  drawing  rod  and  pulling  it  through 
the  muffle  is  two  minutes.  The  actual  time  in  the  muffle  is  1*5  minutes, 
The  rods  are,  of  course,  in  the  furnace  a  little  longer,  say  about  four  min¬ 
utes  at  each  raking,  during  which  time  they  become  red  hot  on  the  edges. 
Before  either  the  rake  or  rod  is  required  to  enter  the  furnace  again,  however, 
it  is  fairly  cold.  In  1899  at  Lasallc  there  were  two  furnaces  40X1*5  ft- 
(hearth  dimensions),  one  of  50X4-5  ft.,  and  one  of  75X6  ft.  The  ort* 
charged  into  these  furnaces  is  crushed  to  pass  a  2  mm.  round  hole.  The 
40  ft.  furnaces  roast  18  tons  of  ore  per  day,  producing  15  tons  of  roasted 


ore.  The  50  ft.  furnace  delivers  20  tons  from  24  tons  of  raw  ore.  The 
75  ft.  furnace  roasts  48  tons  of  ore,  yielding  40  tons  of  product.  The  raw 
ore  contains  29  to  30%  S,  and  the  roasted  ore  1-2  to  1-25%.  The  maximum 
desulphurization  obtainable  with  the  same  ore  in  the  laboratory  is  about 
0-6%,  tests  varying  from  0-45  to  0-90%.  One  man  per  shift  attends  to 
the  gas  producers  for  three  furnaces.  The  consumption  of  coal  is  approxi¬ 
mately  20%  of  the  weight  of  the  ore  roasted.  The  roast  gases,  which  con¬ 
tain  about  4-75%  by  volume  of  sulphurous  acid,  are  conducted  to  lead 
chambers,  where  they  arc  utilized  for  the  manufacture  of  sulphuric  acid. 

Hcrreshoff  Furnace.— This  furnace,  which  is  an  improvement  of  the  old 
McDougall  type,  has  been  very  successful  in  burning  pyrites  for  sulphuric 
acid  manufacture.  It  consists  of  a  cylindrical  shell  of  V4  in  steel,  10  ft.  in 
dmmeter.  lined  with  8  in.  of  red  brick.  The  horizontal  bottom  of  the 
cylinder  ami  four  arches  of  fire  brick.  4-5  in.  thick,  constitute  the  roasting 
hearths.  Passing  through  the  latter  there  is  a  central  vertical  shaft,  driven 


ROASTING  FURNACES. 


153 


from  below,  which  carries  the  stirring  arms,  two  per  hearth.  The  shaft  is 
hollow,  14  in.  in  diameter.  Between  each  hearth  there  is  a  slot,  4  in.  wide 
and  5  in.  high,  which  passes  through  the  shaft ;  these  are  to  receive  the  ends 
of  the  stirring  arms.  The  latter  are  held  by  a  self-locking  joint,  their  own 
weight,  100  lb.,  holding  them  in  position.  To  remove  an  arm  it  is  lifted 
about  3  in.  at  the  outer  end  and  can  then  be  pulled  out.  The  operation  is 
so  simple  that  an  arm  can  be  removed  and  a  new  one  substituted  in  about 


Fig.  113.  Heuresiioff  Furnace. 

Vertical  section  and  elevation. 


one  minute.  This  was  one  of  the  great  improvements  in  the  design  of 
this  furnace. 

The  operation  of  the  Herreshoff  furnace  will  be  understood  from  the 
accompanying  engraving  without  an  extended  description.  The  ore  is  fed 
mechanically  from  a  hopper  to  the  uppermost  hearth  by  means  of  a  piston 
working  in  a  horizontal  cylinder;  the  piston  makes  two  strokes  per  minute. 
The  ore  dropped  near  the  center  of  the  first  hearth  is  pushed  out  to  the 
periphery  of  the  latter,  where  it  drops  through  holes  to  the  next  hearth 
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below.  It  is  then  worked  toward  the  center  of  the  second  hearth,  who  * 
drops  through  a  hole  around  the  revolving  shaft  to  the  third  hearth,  a  d 
so  on.  The  plows  of  the  stirring  arms  are  set  so  as  to  effect  the  pr0n!r 
movement.  The  area  of  the  openings  in  the  hearths  is  sufficient  to  permit 
free  passage  of  the  sulphurous  gas,  which  travels  in  the  opposite  direction 
to  the  ore.  The  ore  is  finally  discharged  through  a  5X3  in.  outlet  at  the 
circumference  of  the  lowest  hearth. 

The  central  shaft  makes  one  revolution  in  two  minutes.  In  passing 
through  those  hearths  whereof  the  holes  are  at  the  periphery,  the  joint  is 
sealed  by  the  ore  itself  in  the  simple  trap,  which  will  be  readily  understood 
from  the  accompanying  engraving.  The  shaft  is  cooled  by  drawing  air 
through  it,  for  which  purpose  a  30  ft.  chimney  is  placed  above  it.1  The 
stirring  arms,  rectangular  in  cross-section,  are  also  hollow.  That  portion 
of  them  in  which  the  greatest  strength  is  required,  as  well  as  the  vertical 
shaft,  are  kept  below  red  heat.  The  upper  surface  of  the  arched  hearths 
is  not  built  up  horizontal,  but  is  leveled  with  sand,  ashes,  or  ore  itself. 

The  hearth  area  of  the  Herreshoff  furnace  is  about  285  sq.  ft.  It  burns 
in  24  houis  <  000  lb.  of  pyrites  assaying  44%  S  down  to  between  2*5  and 
o'5%  S.  It  is  said  that  one  man  per  shift  can  attend  to  36  furnaces.2 

A  muffle  foFm  of  this  furnace  has  been  used  for  roasting  pvrrhotite. 

0  Brian  Furnace.  This  is  quite  similar  to  the  Herreshoff,  and  like  the 
latter  has  been  used  very  successfully  in  burning  pyrites.  The  chief  differ¬ 
ences  are  in  the  central  vertical  shaft  and  the  stirring  arms.  The  former  is 
made  tapering,  being  largest  at  the  upper  end,  and  is  mounted  at  the  lower 
end  upon  ball  bearings.  The  tapering  form  of  the  shaft  permits  it  to  be 
<  asih  lifted  out  of  the  furnace,  the  stirring  arms  being  of  course  detached. 
The  stirring  arms  pass  through  holes  in  the  central  shaft,  but  their  principal 
support  is  a  long  bolt  which  passes  completely  through  two  opposite  arms, 
the  latter  being  secured  by  nuts  at  the  ends.  '  By  removing  a  nut,  the  arm 
secured  by  it  can  be  pulled  out  horizontally.  The  central  shaft  is  open  at 
the  top  and  the  sulphur  gases  are  taken  off  through  a  ring  of  apertures  in 
the  top  of  the  furnace  around  it.  The  ore  is  fed  by  means  of  a  screw,  which 
is  geared  directly  with  the  main  driving  shaft  by  means  of  an  eccentric  and 

pawl  lever,  the  feed  being  adjustable  without  having  to  go  to  the  top  of  the 
f  urnace.8 

Pearce  Furnace.* -The  Pearce  turret  furnace,  which  has  already  been 


1  In  burning  pyrites  fines  without  fuel 
more  heat  than  necessary  Is  developed, 
wherefore  It  has  been  found  desirable  to 
cool  the  furnace;  hence  the  thin  outside 
walls. 


2  The  Mineral  Industry,  VI.  23G.  ^  .j 

3  Vnlted  States  patent,  No.  G73,174» 

30,  1001.  ,  of 

4  Built  by  the  Stearns-Roger  Mfg-  ^ 
Denver,  Colo. 


Pearce  Muffle  Furnace  with  Two  Hearths, 


Slouo 


Concrete 


Red  Brick  Fire  Brick 


2%  Shaft 


1G  1^- 


19W'-i* 


158 


METALLURGY  OF  ZINC. 


rods  can  be  kept  straight.  The  furnace  shown  in  Fig.  116,  which  has  rake 
rods  16  ft. -9  in.  long,  making  a  stroke  of  12  ft.  10  in.,  has  only  about  10  it 
length  of  effective  roasting  hearth.  If  the  hearth  be  laid  with  flat  tiling 
its  width  is  limited  to  the  span  at  which  the  safety  of  the  tile  can  be 
relied  upon.  This  is  about  five  feet.  Spence  furnaces  are  usually  built  in 
blocks  of  two,  with  a  common  middle  wall.  A  double  four-hearth  furnace 
of  effective  roasting  surface  of  only  10X5  ft.  per  hearth,  lias  a  total  hearth 
area  of  10X5XTX2=400  sq.  ft.  One  man  per  shift  can  attend  to  three 
double  furnaces;  when  there  is  no  firing  to  be  done  one  man  per  shift  has 


Iig.  116.  Hammond-Spence  Furnace. 

Longitudinal,  vertical  section. 


attended  to  as  many  as  six  double  furnaces.  Transport  of  ore  to  and  from 
the  furnace  is  not  included  in  either  case. 

In  all  cases  the  Spence  furnace  is  built  with  a  fireplace.  When  it  is 
operated  by  the  heat  of  the  burning  ore  alone,  carbonaceous  fuel  is  used 
only  to  raise  the  furnace  to  the  requisite  temperature  in  starting  a  cam¬ 
paign.  If  extraneous  heat  is  required  throughout  the  operation  "'a  fire  is 
maintained  constantly  on  the  grate  and  the  furnace  is  then  simply  a 
mechanical  reverberatory.  It  is  converted  into  a  muffle  furnace  by  arrang¬ 
ing  combustion  flues  under  the  lowest  hearth. 
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The  furnace  illustrated  in  Fig.  115  is  the  llammond-Spence.  A  single 
furnace  is  17  ft.  0  in.  long  and  9  ft.  6  in.  wide  outside,  and  requires  a  floor 
space  40X20  ft.  and  head  room  18  ft.  high.  In  setting  the  furnaces  in  a 
row  a  space  of  5  ft.  should  be  left  between  them.  Four  furnaces  require  a 
building  40X65  ft.  Each  furnace  has  a  hydraulic  cylinder  for  moving  the 
rakes,  which  is  operated  by  a  pump  located  at  any  convenient  place.  About 
5  h.  p.  are  required  as  the  maximum.  In  the  construction  of  the  furnace 
there  are  needed  16  T-rails  (CO  to  70  lb.)  16  ft.  long,  eight  of  17  ft.  6  in., 
two  of  12  ft.,  25,000  lb.  of  cast  and  wrought  iron  parts,  40,000  lb.  of  special 
fire  brick  and  tiling,  10,000  red  brick,  10  bbl.  cement,  10  bbl.  lime,  and  the 
labor  of  three  masons  and  two  helpers  for  nine  days,  and  one  machinist  and 
his  helper  for  12  days. 

The  furnace  illustrated  in  Fig.  116,  which  is  reproduced  from  Peters 
Modern  Copper  Smelting,  is  also  a  Hammond-Spence,  used  in  the  1  read- 
well  mill,  Douglas  Island,  Alaska,  for  roasting  auriferous  pyrites  concen¬ 
trates  as  a  preliminary  to  chlorination.  According  to  Peters,  six  double 
furnaces  roast  36,000  to  40,000  lb.  of  concentrates  per  day  to  a  “dead  roast  ,” 
with  the  consumption  of  about  Vs  cord  of  wood  per  2000  lb.  of  ore.  Six 
double  furnaces  are  attended  by  two  men  per  shift,  of  whom  one  is  occupied 
in  keeping  the  ore  hoppers  full  and  the  other  regulates  the  temperature  of 
the  furnace.  The  iron  rails  which  gave  much  trouble  in  the  older  Spence 
furnaces  are  in  this  replaced  by  very  hard  brick  tiles. 

Wetherill  Furnace.— This  is  a  recently  patented  muffle  furnace,  especially 
intended  for  blende  roasting,  which  is  designed  on  scientific  principles, 
though  it  is  very  complicated  in  construction,  and  in  its  parts  is  reminiscent 
of  other  well  known  furnaces.  The  patent  drawings  show  a  long  roasting 
chamber,  in  which  the  ore  is  moved  forward  by  means  of  a  continuously 
traveling  rabble,  the  arms  of  which  extend  through  slots  in  the  sides,  as  in 
the  Wethey  furnace;  the  slots  are  closed  by  tripping  gates  in  the  same  way. 
The  roasting  chamber,  or  muffle,  is  heated  by  flues  above  and  below  it,  the 
gas  which  burns  in  the  flues  being  supplied  by  producers  arranged  sym¬ 
metrically  along  the  sides  of  the  furnace  and  the  air  for  the  secondary  com¬ 
bustion  being  preheated  by  the  waste  gases  in  counter  current  recuperators 
huilt  under  the  furnace.  The  roasting  chamber  is  also  supplied  with  heated 
air  which  is  supplied  at  intervals  in  its  length.  The  sulphurous  gas  is  also 
led  off  at  intervals.  The  arrangement  of  the  furnace  is  such  that  the  tem¬ 
perature  can  be  closely  controlled  in  its  different  parts,  the  roasting  chamber 
being  considered  as  consisting  of  an  initial  portion  in  which  the  ore  is  sup¬ 
plied  with  hot  air  and  where  the  external  combustion  flues  are  maintained 
at  a  fairly  high  temperature,  in  order  to  raise  the  ore  rapidly  to  a  dull  red 
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heat,  an  intermediate  portion  in  which  the  desired  temperature  is  afforded 
bv  the  burning  of  the  ore  itself,  and  there  is  no  necessity  for  so  high  a  tem¬ 
perature  in  the  external  heating  flues,  and  a  final  portion,  wherein  hot  air  is 
again  admitted  and  the  external  combustion  flues  are  raised  to  a  high  tem¬ 
perature  in  order  to  effect  the  removal  of  the  last  of  the  sulphur.1 

Revolving  Cylinder  Muffle  Furnaces. 

Douglas  Furnace.— The  Douglas  central  flue,  revolving  cylinder  furnace, 
which  has  given  excellent  results  in  desulphurizing  copper  ore  in  Arizona, 
has  never  been  applied  to  blende  roasting,  but  its  obvious  adaptability  to 
that  purpose  and  the  fact  that  a  similar  furnace  has  been  used  experiment¬ 
ally  in  Upper  Silesia  make  it  worth  while  to  present  a  brief  description  of  it. 
The  distinguishing  feature  of  this  furnace  is  a  fixed  central  flue,  which 


Figs.  117  and  118.  Elevation  and  Section  of  Douglas  80-in.  Furnace. 


revolves  with  the  furnace,  and  carries  the  gases,  when  fuel  is  used,  from 
the  fireplace  to  the  chimney,  heating  by  radiation  the  annular  space  in 
which  the  ore  is  roasted. 


The  flue  may  be  made  of  tile  or  of  cast  iron,  and  is  supported  throughout 
its  length  by  tiles  or  iron  plates,  to  the  number  of  four  in  the  60  in.  diameter 
furnace  and  eight  in  the  80  in.  diameter  furnace.  The  section  of  the 
m.  urnace  therefore  exhibits  four  compartments  in  which  the  ore  is 

roasted  surrounding  a  fifth,  which  connects  the  fireplace  with  the  smoke¬ 
stack;  or  in  the  80  in  ___  1  . 


.  Lli>  wlllcri  connects  the  fireplace  with  the  s 

which  °r  m  °  ^  ^n*  ^Urnaco’  roasting  compartments  and  a 

which  serves  as  a  flue.  Tn  : _  f. .  ..  ,  ,,  -w,  and 


inth 


™eer;s  M  a/r„ In  « 

toPcomDartm^feff  mtua«y  t0  the  &lr’  it  is  made  to  fal1  from  compartment 

flue  are  nerfT  \  ^  tlllS  tlle  Plates  or  tiles  which  support  the  centra 

auL:io«“  *  **  or  an  opening's  left  between 


‘John  Price  Wetherill,  United 


States  patent  No.  078,078.  July  9.  1901. 
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tv  central  floe  may  be  constructed  o£  cast  iron  pipe  supported  by  spiders, 

,  ,L  or,  mav  be  agitated  by  shelves,  as  in  the  ordinary  revolving  cylinder 
‘Lace  The  square  or  rectangular  tile  flue,  supported  by  heavy  tiles  built 
Lo  the  lining,  is  the  best  storer  and  equalizer  of  heat,  but  cast  iron  may  be 
L  lor  both  flue  and  supports.  If  the  tiles  be  of  good  m. tonal  and  wel 
Led  together  in  the  cylinder,  the  flue  and  its  supporting  shelves  will  not 
,-ork  loose  or  fall  to  pieces.  The  admission  of  air  to  the  roasting  ore  is 

Teeulated  by  a  register  at  the  discharge  end.  _  ,  , 

Experience  has  demonstrated  that  a  boiler  plate  shell  is  pro  era  e i  o  cas 
iron  The  wrought  iron  shell  will  not  buckle  if  its  ngi  it\  e  mere-  s  y 
inserting  six  or  eight  rails,  or  light  beams,  between  the  shell  and  the  rings 

upon  which  the  furnace  revolves.  .  .  ,  . 

The  rate  of  speed  varies  from  one  revolution  in  three  min  e 
revolution  in  10,  depending  upon  the  character  of  the  ore  under  treatmen  . 


Fig.  119.  Driving  Gear  of  Douglas  Furnace. 


Owing  to  the  frequent  and  thorough  agitation  of  the  ore,  a  "r<ja^ 
dust  is  made  as  it  falls  from  compartment  to  compartment,  an  object 
its  use  in  the  manufacture  of  sulphuric  acid.  A  dust  c  lam  er  is 
a  necessary  adjunct.  The  00  in.  furnace,  when  ioabtmg  P>n  ‘  ‘  ,  , 

from  lead  and  with  but  a  small  percentage  of  copper,  w  i  vec  uce  , 

to  2%  and  treat  20,000  lb.  per  day.  Ores  which  are  likely  to  sinter ,  such 

as  galena  or  matte  rich  in  lead,  or  even  the  higher  gnu  os  o  C0PP  ’ 

cannot  safely  be  roasted  in  the  confined  and  somewhat  inaccessi 


of  the  roasting  compartments  of  the  cylinder.  .  , 

The  wear  and  tear,  and  therefore  the  cost  of  repairs  is  c  avme  ° 
than  in  the  rake  furnaces,  and  the  weight  of  the  structure,  an  ure 
the  wrear  on  the  rings  and  rollers,  is  not  as  great  as  in  the  Briic  ^ner  c}  in 
of  equal  capacity.  If  the  furnace  be  well  set  up  and  kept,  we  m 
2  h.  p.  will  rotate  a  GO  in.  cylinder,  and  3  h.  p.  an  80  in.  cylinder.  ^ 
Koelder  Furnace. — The  Koehler  revolving  cylindrical  muffle  furnace  was 


1  Patented  by  Rudolph  Koehler,  Llplne,  D.  R.  P.»  5 <,522,  May  7,  1890. 
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used  experimentally  at  Lipine,  Upper  Silesia,  in  1893.  This  furnace  con¬ 
sists  of  a  large  brick-lined  iron  cylinder,  supported  on  rollers  in  the  ordinary 
manner,  with  closed  ends  against  which  abut  closely  separate  sections  (to 
be  referred  to  subsequently),  which  do  not  revolve  with  the  cylinder,  but 
being  mounted  on  wheels  can  be  moved  on  a  line  parallel  to  the  axis  of  the 
cylinder  when  it  is  necessary  to  have  access  to  the  interior  of  the  latter. 
The  cylinder  is  divided  into  three  concentric  sections.  The  innermost  is  the 
roasting  chamber  proper;  surrounding  it  are  the  combustion  flues,  and  out¬ 
side  of  them  are  flues  for  preheating  the  air  which  is  to  enter  the  roastiug 
chamber.  Both  the  combustion  flues  and  the  air  flues  are  so  arranged  that 
the  gas  and  air  make  a  return  pass  through  them,  traveling  forward  and 
back  in  the  direction  of  the  axis  of  the  furnace;  i.e.,  if  the  gas  in  the  flue 
which  is  upper mos  is  going  cast,  that  in  the  lowermost  flue,  180°  from 
the  former,  is  going  west.  This  reversal  in  direction  is  effected  in  chambers 
in  the  stationary  end  sections  of  the  furnace,  which  have  ports  correspond¬ 
ing  to  the  flues  in  the  cylinder.  By  a  similar  arrangement  the  air  is  de¬ 
livered  into  the  roasting  chamber.  The  air  and  flames  travel  always  in 
opposite  directions.  The  cylinder  is  arranged  with  mechanical  feeding  and 
discharging  devices. 

This  furnace  was  said  to  give  satisfactory  results  as  to  capacity  and 
degree  of  desulphurization,  but  so  far  as  I  know  the  original  furnace  at 
Lipine  has  not  been  duplicated,  probably  because  of  the  complicated  char¬ 
acter  of  the  design  and  the  high  cost  of  installation.  It  is  interesting, 
however,  as  furnishing  a  precedent  for  the  use  of  revolving  cylinders  in 
blende  roasting  and  indicating  the  adaptability  of  the  excellent  furnace 
designed  by  James  Douglas,  which  has  been  described  previously.  The 
Douglas  furnace  is  obviously  far  more  simple  and  more  rational  in  its  con¬ 
struction  than  the  Koehler  furnace,  in  which  the  inventor  apparently  tried 
to  do  too  much  in  the  direction  of  fuel  economy. 


V. 


UTILIZATION  OF  THE  SULPHUROUS  GASES. 

The  sulphurous  gases  developed  in  blende  roasting  are  injurious  both  to 
human  health  and  to  vegetation,  and  in  certain  countries  especially  - 
manv  and  Great  Britain,  their  neutralization  is  required  by  law  In  t 
United  States  they  may  still  be  discharged  into  the  atmosphere,  bu 
interest  of  the  proprietors  of  the  works  compels  this  to  e  one  r  ^ 
medium  of  moderately  high  chimneys,  whereby  the  gas  is  so  diluted be 
descent  to  the  earth  that  it  is  no  great  nuisance.  This  method  o  1  p  q 
of  the  waste  gases  has  not  been  carried  by  any  means  so  far  m  the  United 
States,  however,  as  in  Germany,  where  there  is  a  c  mney  m. 

Freiberg  in  Saxonv,  one  100  m.  high  at  Ilamborn,  an  many  m  ar  \ 
in  Upper  Silesia.  ‘  Since  the  increase  in  the  draught  efficiency  of  a  chirnn  ) 
of  greater  height  than  40  m.  is  insignificant,  the  extra  leig  1  so 
neys  mentioned  above  are  to  be  regarded  simply  as  means  o  islxrb 
noxious  gases.  Various  plans  for  the  neutralization  o  iese  S'* 
chemical  agents,  such  as  absorption  in  water,  in  claim  er  su  p iuric  ’ 
a  solution  of  calcium  polysulphide,  and  by  contact  v  it  1  zin^  °X1  ’  . 

of  lime  and  several  other  substances  have  been  trie  ,  u  none  o  1  ^ 

the  milk  of  lime  method  has  been  successful  in  practice,  <or  an  ® 
experiments  in  this  direction  the  reader  is  referred  to  **?>^"%* 

t  ***«"*»*.  vc. 

fterg-  Hiitten.-  n.  Sahnenwesen ,  1M  t,  -  -  *  >  1 

Jahrbuch,  1880,  p.  50;  Hasenclever,  ^ 

and  iSRfi  n  257-  Zts  des  Vereins  deutscher  Ingemeure,  1880,  an 
ml  1880,  p.  2o 7  >  ■  des  HMtenrauches ,  1888.  This  problem,  it 

.  I .  Tie  ring,  ie  e  J  only  the  disposition  of  the  gases  of  reverbera- 

hould  be  understood,  c  ncc^s  >  auhvdride,  seldom  containing 

torv  furnaces  which  eonta.ninateti;  moreover,  by  the  eombus- 

“  ™*h  aa  **  '!  lo  an'd  particles  of  soot.  The  pure  and  rich  gas  of 
tion  gases  of  the  fu<  •  '  ,)y  convorsion  into  liquid  sulphurous 

mudle  furnaces  is  ,;1'  f  are  valuable  commodities ;  wherefore 

acid  or  sulphuric  acid,  both  oi 
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it  follows  that  zinc  producers  in  using  reverberatory  furnaces  are  not  only 
creating  a  nuisance,  but  also  are  wasting  a  valuable  part  of  their  ore,  if  their 
works  be  situated  in  proximity  to  a  market  for  sulphuric  acid  or  products 
which  can  be  made  from  it.  In  Belgium  and  Germany  the  recovery  of  sul¬ 
phuric  acid  from  blende  roasting  is  now  practised  so  generally  that  there 
is  an  overproduction  and  some  difficulty  in  disposing  of  the  product.  In  the 
United  States  sulphuric  acid  is  produced  by  only  four  zinc  smelters,  two 
of  whom  but  recently  engaged  in  the  business. 


Neutralization  with  Milk  of  Lime. 

Both  sulphurous  and  sulphuric  anhydrides,  S02  and  S03,  combine  with 
milk  of  lime  (calcium  hydrate,  CaO,  H20),  forming  calcium  sulphite, 
CaS03,  and  calcium  sulphate,  CaS04,  respectively.  The  sulphite  on  ex¬ 
posure  to  the  air  changes  gradually  into  sulphate.  The  latter  is  valuable  as 
a  fertilizer  and  for  the  manufacture  of  plaster  of  paris  or  stucco,  but  since 
natural  gypsum  is  abundant  and  is  seldom  worth  more  than  $l@$l-25 
at  the  quarries,  while  stucco  is  worth  only  $3@$5  per  2,000  lb.  f.  o.  b. 
works  in  the  United  States,  the  market  for  the  artificial  product  is  limited. 
Consequently  the  neutralization  of  sulphurous  acid  by  means  of  milk  of 
ime  cannot  bo  regarded  as  a  method  of  recovering  a  valuable  by-product, 
but  must  be  considered  merely  a  means  of  overcoming  a  nuisance.  At  the 

.  enlohehutte  and  Kunigundehiitte,  in  Upper  Silesia,  where  this  process 
is  employed  extensively,  the  accumulation  of  calcium  sulphate  is  far  in 
excess  of  what  can  be  marketed,  and  causes  a  large  outlav  for  its  storage  be¬ 
sides  the  expense  of  its  production.  As  a  method  of  neutralizing  sulphurous 
fumes,  however  the  employment  of  milk  of  lime  is  highly  efficient  and  is 
a<  ap  a  >  c  o  t  le  low  grade  and  carbonaceous  gases  of  reverberatory  furnaces. 

In  carrying  out  this  process  an  excess  of  milk  of  lime  is  required.  At  the 
Hohenlohehutte  it  is  made  to  descend  in  a  spray  through  a  series  of  towers, 
each  6  m.  high  the  sulphurous  fumes  being  drawn  up  through  this  spray 

uTiroml  niU,i  V  °  imne^  100  m*  which  disperses  the  gases  escaping 
“  r  WOrS*  ^  Predpitate  and  l^or  drawn  off  from  the 

se^  af  rwhilbT  ^  Where  the  f-mer  is  f° 

settle,  after  which  the  excess  of  milk  of  lime  is  pumped  again  to  the  towers  for 

further  use.  According  to  Doctor  Grosser,  of  ^Kattow^f  the has 

£V™%;  MgO,  1-45% m2  4.14%; 
re2u3,  1  ]0 7o  ,  b02,  38-4%  ;  S03,  2-85%  ;  CO  4-1  .  om  k  k<x cf  .  IT  0 

3*40%  ;  total,  98-77%.  This  analysis  indict  "  ’  S  °2’  5'53^  ’  / 

cium  sulphite  and  4-84%  of  sulphate  \o  °r  10  prcscnce  of  72  ^  of  ca 

/  1  suipnate.  According  to  Kosmann,  the  general 
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c  is  34%  S02  and  5%  S03,  corresponding  to  64%  CaS03  and  8-5% 
i  gy  this  method  75  to  80%  of  the  sulphurous  anhydride  is  con¬ 
verted  into  calcium  compounds,  the  remainder  escaping  through  the 


The  sulphurous  gases  from  reverberatory  furnaces  may  also  be  neutralized 
by  passage  through  towers  packed  with  broken  limestone,  or  dolomite,  down 
which  water  is  trickling,  calcium  (or  magnesium)  sulphite  being  formed  as 
with  milk  of  lime;  but  a  large  cross-section  of  tower,  strong  draught  and 
great  quantity  of  water  are  required,  and  the  method  is  far  less  efficient  than 
the  milk  of  lime  method  and  is  nowhere  in  use  among  zinc  works. 

Sulphurous  anhydride  is  soluble  in  water,  H2S03  being  formed,  and  a 
weak  solution  can  be  made  in  a  simple  coke  or  quartz  filled  tower,  but  w  ith 
the  comparatively  weak  gases  from  reverberatory  furnaces  the  absorption  is 
incomplete,  even  with  preliminary  cooling  of  the  gas  and  the  use  of  towers 
of  large  cross-section.2  Of  all  methods  that  have  been  tried  for  the  neutral¬ 
ization  of  sulphurous  gas  from  reverberatory  furnaces  the  use  of  milk  of 
lime  is  certainly  the  best,  and  even  it  is  not  profitable  commercially,  bein& 
valuable  only  as  a  means  of  getting  rid  of  a  harmful  product. 

At  Flone,  in  Belgium,  the  sulphurous  gases  from  blende  roasting  furnaces 
used  to  be  passed  into  waste  heaps  of  alum  shale,  whereby  the  alumina  o 
the  latter  was  rendered  soluble  as  sulphate.  The  employment  of  suc  a 
process  is  obviously  possible  only  under  exceptional  local  conditions.  rc 
utilization  of  the  sulphurous  gas  for  the  manufacture  of  alum  is  still  earn c 
out  in  a  unique  manner  at  the  blende  roasting  plant  of  L.  de  Laminnc, 
Ampsin,  Belgium.  The  gases  discharged  by  the  eight  3-hearth  re\er  )orJ*  0T^ 
furnaces  which  are  comprised  in  that  plant  pass  into  a  network  of  t  ues  uu 
on  the  surface  out  of  alumiferous  schist,  which  wras  dug  and  once  rca 
for  the  extraction  of  alum  at  the  end  of  the  eighteenth  and  beginning  o 
the  nineteenth  centuries.  This  schist,  which  originally  contained  py  n  e, 
at  that  time  roasted  in  heaps  for  the  production  of  aluminum  m  p  ’ 
which  was  then  leached  out  with  wratcr.  The  residues  from  those  o  <  op  * 
tions  contain  no  more  sulphur,  but  are  still  able  to  absorb  readily  •  u  p  i 
acid  when  exposed  to  it.  For  this  purpose  absorption  galleries,  severa  ieTS 
bigh,  are  built  of  it,  and  upon  passage  of  the  gas  through  the m  ie  v 
become  impregnated  with  aluminum  sulphate,  which  can  be  six )  cqu 

extracted  by  lixiviation.  There  are  arranged  two  main  galleries,  rom w 

branch  out  the  absorption  galleries  in  the  form  of  cul-de-sacs. 

i  o  .  |  p  will  taks  up 

La°d  ”4  sri°e  ,  wi'huoTte 

capacity  ot  wator  to  absorb  sulphurous  tabling  1%  SO*  it  wr»  take  up  on  y  a 
n  n  e  gas  diminishes  with  the  strength  of  the  per  cu.  na* 
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of  the  main  galleries  there  is  a  chimney  50  m.  high,  of  which  the  foot  is 
about  50  m.  higher  than  the  floor  of  the  roasting  furnace  house.  This  chim¬ 
ney  is  not  used  to  produce  a  constant  draught  on  the  roasting  furnaces,  but 
only  to  regulate  the  latter  in  case  of  need.1 


Recovery  of  Sulphur  as  Liquid  Sulphurous  Anhydride. 


This  process  is  based  on  the  power  of  cold  water  to  absorb  or  dissolve  cool 
sulphurous  anhydride  gas  and  the  ability  to  disengage  the  gas  thus  dis¬ 
solved  by  heating  and  agitating  the  solution.  This  principle  is  applicable 
to  the  ordinary  roast  gases  from  reverberatory  furnaces,  since  substantially 
none  of  their  constituents  besides  the  sulphurous  anhydride  is  soluble  in 
water,  and  consequently  a  separation  is  possible,  but  practically  the  process 
cannot  be  worked  to  advantage  with  gases  of  a  lower  tenor  in  SO,  than  4% 
by  volume,  and  it  is  therefore  limited  to  the  uncontaminated  gases  from 
muffle  furnaces.  The  invention  of  a  commercially  successful  process  for  car- 
rying  out  this  idea  is  due  to  Messrs.  Haenisch  &  Schroeder,  by  whom  it  was 
patented  in  1883, 2  since  which  time  it  has  come  into  use  at  several  zinc 
works  in  Westphalia  and  Upper  Silesia,  particularly  at  the  Grillo  works  at 
Hamborn,  Westphalia,  and  at  the  Silesia  works  at  Lipinc  and  the  Guidotto 
works  at  Chropaczow  in  Upper  Silesia,  although  at  the  last  it  has  been 
lately  discontinued  in  favor  of  sulphuric  acid  manufacture.  In  the  United 
States  it  is  in  use  only  at  the  works  of  the  Somerset  Chemical  Co.,  at  Bound 
Brook,  A .  J*.,  where  the  sulphurous  gases  are  obtained  by  burning  brimstone. 

IIalnisch  &  Sciiroeder  Process. — This  consists  in  the  absorption  of 
the  sulphurous  anhydride  of  the  roast  gases  in  water  dripping  down  through 
a  tower,  expulsion  of  concentrated  anhydride  mixed  with  only  a  little 
aqueous  vapor  from  the  solution  thus  obtained,  separation  of  the  aqueous 
vapoi  by  condensation  and  absorption  in  sulphuric  acid  or  calcium  chloride, 
and  liquefaction  of  the  pure  sulphurous  anhydride.8 

Absorption  Tower.  1  he  gases  from  the  roasting  furnace,  which  will 
probably  have  a  temperature  of  about  400°  C.,  are  conducted  to  the  absorp¬ 
tion  tower  passing  on  the  way  through  a  flue  designed  to  cool  them  to  a  cer¬ 
tain  extent  for  the  triple  purpose  of  utilizing  their  heat,  reducing  their 


1  Ad.  Firket,  Annales  des  Mines  de  Bel¬ 
gique,  VI,  ii,  235  and  236. 

2  German  patents,  2G,1S1,  27,581  and 

36,721. 

8  For  ipore  specific  details  as  to  this  pro¬ 
cess  reference  may  be  made  to  Zts.  f. 
nngew.  Chemie,  1888.  p.  448  ;  Lunge  on  the 
Soda  Industrie,  I,  264  ;  and  a  paper  by  K. 
Ellers  in  Trans.  Am.  Inst.  Min.  Engineers, 


XX,  336 ;  also  to  a  paper  by  Dr.  Steger  in 
/ts.  f.  d.  Berg-  Iliitten.-  u.  Salinenwesen  im 
Breuss.  Staate,  L.  iii,  506,  and  a  monograph 
entitled  “Flussiges  Schwefeldioxid"  by  Au 
Rust  Ilarpf  in  Sammlung  chcmischer  un^ 
cheraisch-teclinischer  Vortriige.  1000,  V.  235 
to  414.  The  last  Is  the  most  complete  trea¬ 
tise  in  existence  on  the  properties,  recovery 
and  uses  of  sulphurous  anhydride. 
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i  Werinff  their  temperature  so  as  to  make  more  easy  their 

f  “t  on1  ndlotontton  by  the  water  in  the  tower.  The  tower  which  may 
absorption  an  _  fiU  d  orjmnallv  with  coke,  but  m  later  designs 

” '•*  mlrf  ahth  coke  onh  in Uufupper  halt,  the  lower  being  fitted  with  a 

sulphurous  anhydride,  while  the  unab- 

Section  on  line  F  G  of  Fig.  !--• 

The  roast  gases  pass  through  the  heater 
li  and  thence  through  the  pipe  a  into 
the  absorption  tower  A,  whence  t 
unabsorbed  gases  escape  through  the 
pipe  b.  The  acid  water  collects  in  the 
reservoir  C.  from  which  It  is  drawn 
through  the  pipe  c  into  the  heater /), 
whereinto  the  deacidifled  hot  water 
enters  at  g.  The  acid  water  heated  to 
some  extent  in  D  passes  through t  the 
pipe  i  into  B,  wherein  it  is  further 
heated  by  the  fresh  roast  gases,  the 

ll, rough  1  l"to  the  -1-acl, "tying  *«»" 

E  Hot  air.  or  steam,  is  ,ntlo‘llu“ 
through  the  pipe  V,  the  expelled  sul¬ 
phurous  gas  escapes  through  9.  and 
the  deacidifled  hot  water  flows  out 
through  o.  The  reference  letters  in 
Figs  120  to  120  are  the  same. 


nnn'Q 

through  a  flue  in  the  side  of  the  tower 
sorbed  nitrogen  and  oxygen  .  <*  ^  towerg  at  Hambom  and  Lipinc 

near  the  top.  The  gases  v,  ing  gascs  contain  only  0-05%;  the 

contain  6%  SO  by  volu  ^  ^  ^  per  cubic  meter,  i.e., 

water  drawn  off  from  the  tow  ms 

1-2%  by  weight  ^  Aqneons  Sohltiotu- In  order  to  drive  off 

Expulsion  of  the  Ga.  /  .  it  ig  necessary  to  raise  the  latter  to  a 

the  gas  from  the  aquemis^  ^complish  thig  it  is  made  to  pass  first  through 
temperature  .1  ^  „  ona  M.M,  r,g.  ». 
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a  lead  box  divided  by  a  series  of  horizontal  diaphragms  of  sheet  lead,  sup¬ 
ported  by  intermediate  bars  of  lead  laid  parallel  with  the  long  axis  of  the 
box,  which  is  thus  subdivided  into  a  series  of  longitudinal  cells.  Water  at  a 
temperature  of  nearly  100°  from  which  the  acid  has  just  been  expelled  in 
a  subsequent  part  of  the  system  is  run  through  the  second,  fourth,  sixth, 
eighth,  tenth,  twelfth  and  fourteenth  horizontal  sets  of  cells,  while  the  acid 
water  from  the  tower  is  passed  in  the  reverse  direction  through  the  alternate 
rows,  its  temperature  being  raised  thereby  to  70°  or  80°  C.  It  is  then  eon- 


Fig.  122.  Diagram  of  Arrangement  of  Sulphurous  Anhydride 

Apparatus. 


veyed  to  a  similar  box,  except  that  the  cells  are  of  larger  cross-section  and 
the  horizontal  lead  plates  are  supported  by  sheets  of  iron,  or  else  to  a  simple 
covered  lead  pan,  placed  on  the  main  flue  from  the  roasting  furnaces,  where¬ 
in  its  temperature  is  raised  to  100°  C.  and  its  contents  of  sulphurous  acid 
are  given  off.1 

Liquefaction  of  tie  Gas.-The  sulphurous  gas  thus  expelled,  with  which 
some  aqueous  vapor  is  admixed,  is  lcl  through  a  pipe  to  a  water  cooled 


1  The  capacity  of  water  to  hold  sulphur 
dioxide  decreases  with  Increase  of  tempera¬ 
ture.  At  20”  C.  it  will  hold  8-C%  S02-  at 
30”  C„  7-4%;  at  40”  C„  6-1%;  at  50”’ C., 


4-n% ;  at  CO”  C.,  3-7% ;  at  70”  C.,  2-6% :  a1 
80”  0.,  1-7%;  at  90”  C„  0-9%;  and  at  100° 
0-1%  (Harpf,  op.  cit.) 
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worm,  in  which  part  of  the  steam  is  condensed  and  drained  off,  whence  the 
paSSes  on  to  a  small  tower  packed  with  coke  saturated  with  concentrated 
sulphuric  acid,  in  which  the  last  part  of  the  water  is  removed.  The  dry 
<ms  is  then  compressed  into  a  liquid  by  a  suitable  pump  (made  of  bronze) 
under  a  pressure  of  2  to  3-5  atmospheres,  the  liquefaction  taking  place  in 
a  suitably  designed  water  cooled  worm,  which  absorbs  the  heat  of  com¬ 
pression.  For  regulation  of  the  compression  a  taffeta  sack  is  interposed  in 
the  pipe  from  the  drying  tower  to  the  pump,  and  the  movement  of  the  latter 
is  regulated  according  to  the  size  of  this  sack.  The  liquid  anhydride  from 


■  Figs.  123  to  126.  Sections  of  Sulphurous  Anhydride  Flant 


the  worm  runs  down  into  a  wrought  iron  reservoir,  whence  ie  111  10r,C 
and  oxygen,  which  are  not  liquefiable  at  the  temperature  am  pie.. mre 
which  sulphurous  anhydride  is  liquefied,  escape  through  a  proper  y  arrange 
valve  into  a  pipe  leading  to  the  main  absorption  tower.  The  an 

hydride,  99-8%  pure,  is  tapped  from  the  reservoir  into  steel  cylinders  con¬ 
taining  50  or  100  kg.  At  the  Guidottohiitte,  in  1891,  about  90%  of  t  le 
sulphur  content  of  the  gas  was  recovered.1 

Treatment  of  the  Residual  Water . — The  residual  water  in  the  lea  Pal*5 
^vhere  the  acid  solution  is  boiled  still  contains  a  small  percentage  o  su 


1Th.  Dahlblom,  Berg  -u.  niittenm.  Ztg.,  Dec.  11,  1891,  p.  449. 
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phurous  anhydride.  In  order  to  recover  the  latter  the  water  is  conducted 
to  a  column,  down  which  it  is  made  to  fall  in  a  spray  against  a  current  of 
steam,  which  is  introduced  at  the  bottom  of  the  column.  The  gas  which  is 
thus  expelled  is  conducted  from  the  top  of  the  column  to  the  main  stream 
from  the  boiling  pan,  while  the  hot  water  drawn  off  from  the  bottom  of 
the  column  is  conducted  to  the  lead  cells  for  heating  the  solution  from  the 
absorption  tower,  as  previously  described.  The  tower  shown  in  tig.  126  lias 
a  vertical  shaft,  carrying  horizontal  discs  which  alternate  with  rings  fixed  in 
the  tower.  The  revolution  of  the  shaft  sprays  the  water  by  centrifugal  force. 


Figs.  127  and  128.  Sulphurous  Anhydride  Apparatus. 

Fig.  127:  Absorption  tower  with  earthenware  plates  in  lower  half,  coke  filled  in  upper  half- 
I’ ig.  128:  Cylinder  for  holding  liquid  anhydride. 


Receiving  Cylinders.—' The  cylinders  for  receipt  of  the  liquid  anhydride 
are  made  of  wrought  iron  or  steel,  tested  to  withstand  a  pressure  of  715 
lb.  per  sq.  inch  (50  atmospheres),  in  the  form  shown  in  the  accompanying 
t  ngrat  ing.  The  stop  cock  at  the  top  is  protected  by  a  removable  cap.  I11 
drawing  off  the  anhydride,  when  it  is  desired  in  gaseous  form,  the  cylinder 
1S  stood  on  end  and  the  stop  cock  opened,  the  gas  flowing  until  the  tempera- 
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.  ,  .  ,  to  _io°  C.,  when  the  flow  ceases  until 

tare  in-* thc  “LL .  to  obtain  the  anhydride  in  liquid  torn  the 

tke  temperature  has  rise  *  fe  ’  t  0j  the  stop  cock  pointing  upwai  , 

cylinder  is  laid  on  its  side  w  i  content  of  the  cylinder  can  be  drawn  oil 

Lhich  manner  nearly  the UO  at  -10*  C,  !•»  * 
as liquid.  The  tension  ot  the  liquid  ^  5.15  at  40°.  It  is  Dost 

Biospheres  at  +10°  C,  2-2  a  ’  temperature  is  higher  than  40°  C., 

therefore  not  to  use  it  in  places  w  te  ju  the  temperate  zone. 

,hich  is  the  ordinary  heat  of  the  sun  ins  the  sulphurous  acid 

Commercial  Conditions.  .  ccoi  ing  1B87,  cost  about  250,000 

plontat  Lipino,  Upper  Silesia,  which  was  It  ^  tons  pcr  annum. 

marks  ($62,500),  its  capacity  being  about  ~  ^  mMks  per  ton 

Its  production  in  1000  was  1306  metric  tons,  valued 

(equivalent  to  $8-63  per  2000  lb.).  .Q  the  manufacture  of 

Liquid  sulphurous  anhydride  is  con&umec  c  \  ff^uc  and  gelatine, 

sulphite  wood-pulp,  in  the  manufacture  o  )C0  ®  q^e  demand  from 

and  for  general  bleaching  and  disinfecting  pnr  anding  the  technical 
those  sources  is  still  rather  limited,  and  no  "  ^  not  appear  to  be 

excellence  of  the  Hacniscli  &  Schroeder  PT0CCVt  ,  ^  b  has  been  aban- 

2.  great  commercial  success.  As  previous  }  r  ^  ^  continues  in  use 

doned  at  tbe  Guidottoliutte,  in  Upper  Silesia,  <  -n  pjOl,  valued  at 

at  the  Silesiahiitte.  The  latter  made  10  JO  BU  rpjie  proceeds  scared} 

13,602  marks  ($10,377  =  $9-52  Per  1000  kg*'’ 

covered  the  cost  of  production.1  ,  :a  in  a  paper  on  the 

Pobak  Process— A.  Harpf,  of  Przibram,  o  ^  before  the  Inter- 
utilization  of  waste  gases  of  metallurgica  ^vvor  ^  method  of  nti  iz- 

national  Chemical  Congress  at  Vienna  in  1^’  ’  j,  porak  Brothers,  o 

iug  sulphurous  anhydride  gas,  which  is  emp  _  by  burning  sulphur 

Kienberg,  Bohemia/  The  gas  is  enriched,  if  neC0  to  a  water  injector 

'n  it.  It  is  then  cooled  and  conveyed  tlvroug  i  oa  ^  centrifugal  PunlP 

uhich  forces  the  gas  down  to  a  cylinder  20  t.  continued  un  i 

raises  the  liquid  again  to  the  injector,  and  this  c uc  cvlinder,  which  can 
the  pressure  of  the  gas  and  air  above  the  water  m  ^,om  the  tank  o''1 
absorb  only  a  certain  proportion  of  S02,  ^°*c0£  d  rovided  with  stirrer-- 
into  a  system  of  vats  filled  with  milk  of  lim°  *  becomes  clearer,  ie 
As  tbe  lime  dissolves  as  calcium  bisulphite,  11  ready  f°r 

solution  of  calcium  bisulphite  is  finally  draw  n  ^ 
preparation  of  wood  pulp  for  paper  manufacture. 


;01S^  der  Oberschl.  Bern-u.  Huttenwerkc, 
is  also  described  In  the 


1  This 


.  ^sitinilunK  cbemiscUe  j  re- 

paper  In  Sanu  triige 

iscb-technlscber 

ferred  to. 
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Recovery  of  Sulphur  as  Sulphuric  Anhydride. 

The  sulphurous  gases  given  off  in  burning  galena  and  pyrites  ores  at  the 
Muldnerhutte  at  Freiberg  and  the  Rhenania  chemical  w  orks  at  Stolborg 
in  Germany  have  been  for  a  long  time  utilized  for  the  preparation  of  sul¬ 
phuric  anhydride  and  the  gases  from  blende  roasting  are  equally  applicable 
for  that  purpose.1  In  this  process  the  sulphurous  gases  are  first  passed 
through  towers  packed  with  coke  or  quartz  through  which  sulphuric  acid 
is  trickling  in  order  to  remove  aqueous  vapor,  after  which  they  are  con¬ 
veyed  to  externally  heated  vessels  containing  platinized  asbestos,  in  which 
the  sulphurous  anhydride  and  oxygen  combine  to  form  sulphuric  anhydride 
by  catalytic  action.  The  gases  containing  the  latter  are  led  through  towers 
in  which  it  is  absorbed  by  concentrated  sulphuric  acid.  Pure  sulphuric 
anhydride  is  then  obtained  by  distillation  of  the  solution.  The  sulphurous 
anhydride  which  escapes  absorption  in  the  towers  is  conducted  to  lead  cham¬ 
bers  for  the  manufacture  of  sulphuric  acid.  This  process  is  chiefly  inter¬ 
esting  because  of  the  recent  improvements  in  its  execution  whereby  the 
direct  manufacture  of  sulphuric  anhydride  from  sulphurous  by  catalytic 
action  and  the  preparation  of  monohydrate  of  any  desired  strength  has  be¬ 
come  a  process  of  commercial  practicability,  which  promises  to  revolutionize 
the  sulphuric  acid  industry. 

Manufacture  of  Sulphuric  Acid. 

The  most  practical  and  the  most  profitable  method  of  utilizing  the  sul¬ 
phurous  gases  from  muffle  roasting  furnaces  is  the  manufacture  of  sulphuric 
acid,  provided  the  works  be  situated  in  a  region  where  there  is  a  market  for 
that  product;  (1)  because  the  extra  cost  of  production  is  small,  and  (2)  the 
product  is  one  which  is  in  demand  in  many  branches  of  industry  and  can  be 
marketed  easily  at  a  fair  price  when  the  producer  is  favorably  situated.  An 
unfavorable  geographical  location  of  a  zinc  smelting  works  is  in  fact  the 
onh  obstacle  to  the  recovery  of  sulphuric  acid  as  a  by-product.  In  I  PP1'1" 
Silesia  where  acid  is  made  by  several  producers  of  spelter,  the  freight  rates 
on  acid  are  so  high  that  markets  at  a  distance  greater  than  100  miles  cannot 
be  reached,2  and  the  outlet  for  the  product  being  thus  limited,  its  production 
is  necessarily  restricted,  which  also  restricts  the  mining  of  blende,  since 
the  government  grants  permits  for  the  building  of  roasting  plants  only  when 
the  gases  are  used  in  the  manufacture  of  sulphuric  acid  or  otherwise  neu¬ 
tralized.  The  recover}’  of  sulphuric  acid  by  the  smelters  in  Kansas  and 

kundSohnb81  rTan<lbUCh  der  MetaI,Wlten-  *  United  States  Geological  Survey.  0>‘h 

annual  report,  part  VI,  p.  23S. 
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M  -ouri  has  not  yet  been  generally  undertaken/  partly  because  of  remote- 
'  from  large  markets  and  partly  because  of  the  large  cost  required  to 
'n  nil  an  acid  plant.  On  the  other  hand,  sulphuric  acid  has  been  made  for 
nlanv  years  by  the  large  smelters  of  Illinois,  who  are  more  favorably  situated 

The  Market  for  Sulphuric  Acid. — The  manufacture  of  sulphuric  acid 
is  one  of  the  most  important  branches  of  the  world’s  industry.  It  is  more 
than  an  important  branch  of  the  chemical  industry  alone,  because  it  is  the 
basis  of  the  entire  chemical  industry.  Without  it,  it  would  be  impossi  e 
lo  manufacture  a  multitude  of  chemical  products  which  are  of  common  use 
in  the  arts.  Considering  the  two  elements  which  exist  in  zinc  btncc, 
namely,  zinc  and  sulphur,  there  is  no  question  that  in  the  requirements  o 
the  world’s  commerce  the  sulphur  is  the  more  important ,  that  is  to  *ay  ,  i  1 
were  necessary  to  dispense  with  either  of  them  zinc  could  be  spare  e  er 
than  sulphur.  The  value  of  the  annual  product  of  sulphuric  acid  in  the 
United  States  is  considerably  greater  than  that  ot  spelter. 

Production  in  the  United  States.— The  production  of  sulphuric  acid  m 
the  United  States  in  1000,  as  reported  by  Messrs.  Charles  E.  M  unroe  an< 
Thomas  M.  Cliatard  in  Bulletin  No.  210  of  the  Twelfth  Census,  was  as 
follows : 


Grade. 

Short  tons. 

Value. 

Per  ton. 

50°  B . 

60*  B . 

66°  B . 

953,439 

17,011 

377,279 

$7,t65,8S2 

246,284 

6.035,069 

$8'?5 

1447 

16  00 

Total . 

1,347,729 

$14,247,185 

$10-57 

The  above  statement  does  not  represent  the  actual  make  of 
various  grades.  The  figures  of  quantity  and  value  of  the  ■>  aci 
that  which  was  made  at  certain  works  and  consumed  there  m  the  manu¬ 
facture  of  fertilizers.  This  was  really  acid  of  50" strength.  ■  « 
was  789.359  tons.  In  addition  thereto  a  large  quantity  of  acid  of 
grades  consumed  at  works  for  various  purposes  has  been  included 
actual  50°  of  course  reduced  to  that  grade.  It  is  to  be  inferred  that  the 
quantities  ’of  60"  and  06"  acid  reported  by  the  Census  include  only  what 

,  Ti  0  values  are  determined  on  the  basis  of  the 

was  marketed  as  such.  The  vain  were  ^ucod  to  50"  B. 

output  at  the  works.  If  the  entm  jm 

r-in  bv  the  subsequently  consolidated  with  the  Routh- 
1 A  plant  erected  at  loin.  ’’  t{on  in  western  Chemical  Co.,  of  Kansas  City,  under 
Standard  Acid  Co.,  was  put  in  opt  title  Qf  rnJtod  Zinc  and  chemical  Co. 

1002  and  Is  so  far  the  only  sixfold l  wor  • 

West  of  the  Mississippi  River.  Thl 
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the  quantity  would  have  been  1,540,023  tons,  equivalent  to  1,232,500  tons 
of  00°  B.,  or  1,027,080  tons  of  66°  B.,  or  955,184  tons  of  pure  ILS<)4.  This 
does  not  include  the  acid  made  from  blende  and  as  a  by-product  in  the 
treatment  of  gold  and  silver  bearing  pyrites  at  certain  metallurgical  works 
in  the  West,  the  quantity  of  which  in  1900  was  reported  by  The  Mineral 
Industry  as  85,000  tons,  basis  GG°  B.,  equivalent  to  127,500  tons  of  50°  B. 
According  to  the  Census  report  on  the  smelting  industry,  the  acid  product 
of  zinc  works  in  1899  was  58,827  tons  (grade  of  acid  not  stated,  but  prob¬ 
ably  of  50°  and  G0°  B.). 

Purposes  for  Which  Used. — The  largest  single  channel  of  consumption 
of  sulphuric  acid  is  in  the  manufacture  of  acid  phosphate  of  lime  from 
phosphate  rock  to  serve  as  a  fertilizer.  The  next  important  use  is  in  the 
refining  of  crude  petroleum.  Other  large  uses  are  the  manufacture  of  alum, 
aluminum  sulphate,  ammonium  sulphate,  sodium  sulphate  and  chlorhvdrie 
acid,  nitric  acid,  potassium  sulphate,  potassium  bichromate,  nitroglycerin 
and  glucose.  The  preparation  of  iron  and  steel  for  galvanizing  and  tin 
plate  manufacture  requires  a  large  quantity.  Other  uses  are  the  manufac¬ 
ture  of  carbonic  acid,  copper  sulphate,  zinc  vitriol,  copperas,  parting  gold 
and  silver,  and  the  manufacture  of  magnesium  sulphate,  besides  a  multi¬ 
tude  of  less  important  uses. 

Sulphuric  acid  is  used  in  the  arts  in  four  grades  of  strength,  namely,  acid 
of  50°  B,  which  contains  G2-177%  ILSO*;  acid  of  G0°  B,  which  contains 
77-G05% ;  acid  of  GG°  B,  which  contains  93-5% ;  and  acid  of  9G  to  97%, 
which  is  required  in  the  manufacture  of  nitroglycerin.  The  petroleum  re¬ 
finers  need  an  acid  of  GG°  B  strength.  In  almost  all  other  branches  of  the 


chemical  industry  an  acid  of  60°  B  strength  is  sufficient  and  in  many  50° 
B  is  strong  enough.  Ol  course,  in  cases  where  50°  B  acid  can  be  used, 
acid  of  60°  B  is  also  applicable  by  dilution.  For  most  purposes  acid  must 
be  fiee  from  arsenic  and  selenium,  but  that  is  not  a  requisite  in  fertilizer 
manufacture.  The  manufacturers  of  fertilizing  material  use  generally  acid 
of  50  B  strength,  and  in  order  to  avoid  the  expense  of  paving  freight 
on  the  large  quantity  of  water  which  that  acid  contains,  fertilizing  works 
are  generally  established  in  close  proximity  to  sulphuric  acid  works  or  a 
snppl\  of  the  raw  material  for  acid  making.  The  manufacturers  of  acid 
phosphate  of  lime  and  superphosphate  are  situated  chieflv  on  the  Atlantic 
(  oast  and  m  the  Southern  States,  and  to  a  large  extent  make  their  own  acid 
and  consequently  are  out  of  the  general  market.  There  are.  however,  a 
good  many  small  phosphate  works  scattered  about  the  country  which  have 
o  my  eir  acid  In  petroleum  refining  a  large  part  of  the  sulphuric  acid 
used  is  recovered  m  a  foul  and  dilute  form  commonly  known  as  sludge 
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acid  which  can  be  reconcentrated  or  used  for  the  manufacture  of  fertiliz¬ 
ing  material;  such  recovery  is  practiced  to  a  considerable  extent.  The 
consumption  of  phosphate  rock  in  the  United  States  in  1900  was  815,855 
short  tons,  the  decomposition  of  which  required  815,855  tons  of  50  B.  acid. 

Production  of  Sulphuric  Acid  in  Germany.— According  to  the  statistics 
of  Eobert  Hasenclever  the  production  of  sulphuric  acid,  reduced  to  the 
basis  of  60°  B.,  in  Germany  in  1897  was  845,582  metric  tons,  of  which 
136,868  were  derived  from  blende  roasting.  Statistics  of  the  production  of 
acid  by  Silesian  zinc  smelters  in  1900,  as  reported  by  the  Oberschlesischen 
Berg-  und  Hiittenmannischen  Verein,  are  summarized  in  the  following 
table,  in  which  the  figures  of  consumption  and  production  represent  metric 
tons: 


Name  of 

tc  <8 
c*-  Cfi 

Lead  Cham¬ 
bers. 

Raw 

blende 

roasted. 

Roasted 

blende 

product. 

Niter 

used. 

Nitric 

Acid 

Works. 

6  $  S 
*2«H 

No. 

Cu.  m. 
Capacity 

Used 

Bernhardihiitte 
Guidottohutte . 
Lazyhutte .... 
Reckehiitte.  . . 
Silesiahutte.  .  . 

2 

32 

24 
a  28 

16 

1 

3 

4 

8 

5 

7,500 

21,300 

7,200 

48,242 

18,500 

3,329 

15,798 

15,141 

55,060 

32,293 

2,523 

16,850 

11.752 

44,022 

25,834 

*224 

207 

469 

5247 

41 

278 

286 

Total . 

102 

21 

102,742 

121, “621 

100,981 

1,147 

605 

a  Besides  117  kilns,  b  Includes  nitric  acid,  c  All  the  works  were 

the  Silesia,  which  ran  only  4». 


Sulphuric  Acid  Produced  c 


50°  B. 

60°  B. 

66°  B. 

2,249 

14,009 

1,113 

7,162 

4,189 

7.363 

10,005 

686 

7,888 

2,769 

8,237 

36,422 

12,774 

in  operation  52  weeks,  except 


The  average  value  of  the  acid  produced  was  12-1  marks^  ($2 
50°  B.,  22-2  marks  ($5-28)  for  G0°  B.,  and  30-9  marks  ($7-3o)  lor  * 
Sulphuric  Acid  Making  by  the  Chamber  Process,  lhe  manu  ae  ure 
of  sulphuric  acid  is  in  itself  too  large  a  subject  to  be  entered  into  roni  a 
technical  standpoint  in  a  treatise  on  the  metallurgy  of  zinc,  am  v 1 
spect  to  it  reference  should  be  made  to  the  classical  work  o  nin^e 
Sulphuric  Acid  and  Alkali ,  and  his  subsequent  papers  in  ■various,  vo  umes 
The  Mineral  Industry;  also  to  the  paper  entitled  The  Mami  ac  u 
Chamber  Sulphuric  Acid,-  by  F.  J.  Falding  in  The  Mineral  Industry,  VoL 
VII,  and  a  paper  by  the  same  author  on  “The  Manufacture  o  Su  P  ^ 
Acid  Stronger  than  Chamber  Acid-  in  The  Mineral  Industry,  o  . 

What  concerns  the  zinc  metallurgist  in  taking  up  this  subject,  is  tie 
omy  that  may  he  looked  for  in  the  recovery  of  sulphuric  acid  rom  e 
gases  of  his  roasting  furnaces.  For  an  intelligent  understanding  0  ® 

subject,  however,  it  is  necessary  to  refer  to  the  fundamental  reactions  w  ic  i 
are  involved  in  sulphuric  acid  manufacture. 

The  sulphur  of  the  raw  material,  brimstone,  pyrites  or  blende,  e 

converted  first  into  sulphurous  anhydride,  S02,  and  the  sulphurous  ann- 
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dride  must  be  in  some  way  given  another  atom  of  oxygen  in  order  to  pro 
duce  sulphuric  anhydride,  S03,  which  will  combine  directly  with  water 
forming  sulphuric  acid,  II2S04.  Sulphuric  acid  was  made  originally  by 
calcining  copperas  (ferrous  sulphate),  commonly  called  green  vitriol,  where¬ 
by  sulphuric  anhydride  was  given  off,  which  was  then  absorbed  in  water 
whence  the  name  “oil  of  vitriol”  by  which  sulphuric  acid  is  often  known! 
In  burning  brimstone,  pyrites  or  blende,  although  there  is  reason  to  believe 
that  sulphuric  anhydride  is  formed  in  the  furnace,  if  that  be  the  case,  it  is 
subsequently  reduced  mostly  to  sulphurous  anhydride,  and  the  latter  gas 
is  what  the  acid  maker  has  to  deal  with. 

Chemical  Reactions  Involved.—' The  reoxidation  of  the  sulphurous  anhy¬ 
dride  is  accomplished  by  introducing  it  into  large  chambers  of  sheet  lead 
supported  by  timber  framework,  together  with  steam  and  compounds  of 
nitrogen  and  oxygen,  the  nitrogen-oxygen  compound  which  plavs  the  chief 
part  in  the  transformation  being  the  trioxide,  N,03.  The  change  is,  how- 
e\er,  not  one  of  simple  direct  oxidation,  but  involves  a  number  of  com¬ 
plicated  reactions.  of  which  the  chief  are  expressed  as  follows ! 

I.  Nitrate  of  sodium  heated  with  sulphuric  acid  produces  nitric  acid  and 
sodium  hydrogen  sulphate: 


JNaN03+H2S04=HN0,+NaHS04. 

II.  Nitric  acid  and  sulphurous  anhydride  and  water  produce  sulphuric 
acid  and  nitrogen  trioxide : 

2HN02+2S02+H20=2H2S04+N203. 

III.  The  sulphuric  acid  produced  in  a  dilute  form  by  the  next  preced¬ 
ing  reaction  is  a  final  product;  or  it  may  be  sent  to  the  Glover  tower  for 

a  ion  o  nitrosy  1-sulphuric  acid  and  concentration  of  itself;  the  nitro- 
g  n  rioxi  e  is  absorbed  in  the  Gay-Lussac  tower  in  strong  sulphuric  acid, 
forming  mtrosyl-sulphuric  acid,  (S02,N02.0H),  or  S02{™»  thus: 

^T203+H20-|-2S03=2  ( S02,N02,0H) . 

diluting  witv!16  ^overt°wer  the  nitrosyl-sulphuric  acid  is  decomposed  by 
dilution  with  water,  which  is  got  from  weak  chamber  acid  : 

2  (S02,N02,0TT)  -f  H20=2H2S04+ N20s. 

by  “ iv  conti—  ar°"nd  tht 

lost  in  tho  rmnnf  i  •  * ie  comparatively  small  quantity  which  is 

lost  in  the  operation  being  replaced  by  reactions  I  and  II 

Sulphuric  acid  made  directly  in  the  lead  chambers  is  comparatively  dilute, 
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,  .  n_lv  about  50°  to  52°  B.  in  strength,  and  if  there  were  no  adjuncts  to 
tl'e  dumber  system  the  consumption  of  nitrate  of  soda  would  be  excessive. 

A  modern  sulphuric  acid  plant,  to  produce  an  acid  of  higher  tenor 
H  so  With  the  minimum  consumption  of  niter,  comprises  a  system  of 
toilers  known  as  the  Glover  and  Gay-Lussac  from  the  names  of  their  invent¬ 
ors-  there  may  be  also  so-called  Lunge  columns  interposed  between  the 
series  of  chambers,  which  enable  a  reduction  to  be  made  in  the  size 
clumbers,  and  a  fan  to  promote  and  regulate  the  draught. 

Function  of  the  Gay-Lussac  IW.-The  Gay-Lussac  is  the ta* 
of  the  sulphuric  acid  system.  Its  function  is  to  absorb  the  mtrogc.  ^  oxides, 
principally  N,0„  which  would  otherwise  escape  from  the  las 
and  would  be  lost.  This  absorption  is  effected  by  causing  the  gas  to  rise 
through  a  tower  packed  with  quartz,  through  whic  is  a  lUo  .  . 

stream  of  cool  sulphuric  acid  of  about  60°^  to  1>2  I  .  ®  ac „ 

thetow-er  should  contain  about  2-5%  of  the  quantity  0  a 

through  the  tower  being  regulated  so  as  to  produce  a  liquoi  o  ia 
In  practice  there  are  two  or  more  Gay-Lussac  towers  to  a  sc  o  c 
the  gas  passing  first  into  the  bottom  of  the  first  tower,  join 
which  it  is  led  to  the  bottom  of  the  second,  and  so  on,  until 1  < 

last  tower  at  the  top,  where  it  should  be  dischargee  pre  era  ^ 

of  a  fan  directly  into  the  air.  When  a  fan  is  used  the  system  will 

affected  by  outside  meteorological  conditions.  .  ,,  natural 

Functions  of  the  Glover  Tower. — The  Glover  tower,  w  c  1  , 

corollary  of  the  Gay-Lussac,  has  six  functions,  which  are^s1Jrnm  . 

Mr.  Falding  in  Hie  Mineral  Industry,  VII,  651  to  702,  as  o  ows. 

(1)  “The  denitration  of  the  nitrons  vitriol.  The  nitrous  acid  gas  am 

sorbed  in  sulphuric  acid  of  60°  B.  to  62°  B.  (HI  Tw.  0  0  process 
recovered  thus  by  means  of  the  Gay-Lussac  tower  from  the  c  anJ .  chamber 
is  liberated  and  again  put  into  circulation  or  made  avail al>  e  or  1 
process  by  means  of  dilution  and  the  action  of  the  hot  su  piuro 

in  the  Glover  tower.  _  ,  ,  auring 

(2)  “To  supply  the  chamber  process  with  nitrous  aci  gas 

that  process.  Wlien  such  loss  is  supplied  by  Spotting’  nitrate  o  .  o<  a 
hot  gas  just  before  the  entrance  of  the  gas  into  the  Glover  tower,  .^g 

tower  converts  the  nitric  acid  gas  into  nitrous  acid  gas  ant  seC1J 
thorough  admixture  with  the  sulphurous  acid  gas.  When,  owevei%  ^  ^ 
loss  of  niter  is  made  good  by  the  addition  of  nitric  acid,  nitrous  vi 
waste  nitrous  acid  of  any  kind  to  the  nitrous  vitriol  from  tin  >a>  ^ 
supplied  to  the  Glover,  such  acids  are  acted  upon  in  the  same  way  *  ^ 
regular  supply  of  nitrous  vitriol,  and  this  is  by  far  the  most  efficien  , 
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and  most  easily  controlled  method  of  supplying  the  chamber  process  with 
nitrous  acid  gas. 

(3)  “Concentration.  The  nitrous  vitriol  to  be  properly  denitrated  must 
be  diluted.  The  weak  acid  or  water  thus  added  is  evaporated  by  the  heat 
of  the  hot  burner  gas  and  converted  into  steam  which,  passing  into  the 
chambers,  supplies  a  part  of  the  steam  necessary  for  that  process,  and  the 
acid  thus  concentrated  to  60°  B.,  or  62°  B.,  is  again  ready  when  cooled  for 
reabsorbing  nitrous  acid  gas  in  the  Gay-Lussac  tower,  while  the  excess, 
which  is  by  far  the  major  part,  is  ready  for  market  or  for  concentration  to 
acid  of  G6°  B.  in  the  concentrating  department  of  the  wTorks. 

(4)  “Cooling  of  the  furnace  gas  or  the  absorption  of  the  heat  of  com¬ 
bustion  in  the  furnaces.  This  heat  if  allowed  to  pass  into  the  chamber 
system  would,  when  added  to  the  heat  of  oxidation  of  the  S02  to  S03,  be 
detrimental  not  only  to  the  process,  but  also  to  the  leaden  chambers. 

(5)  Purification  of  the  gas  from  impurities  mechanically  carried  over 
from  the  furnaces.  A  considerable  deposition  of  arsenic  and  selenium  takes 
place  in  the  Glover  tower  and  except  in  extreme  cases  nearly  all  the  dust 
carried  over  from  the  settling  chambers  is  also  retained,  being  washed  out 
of  the  tower  with  the  acid  either  in  solution  as  sulphates  or  in  suspension. 

((>)  The  oxidation  of  S02  to  S03  in  the  highly  nitrous  atmosphere  of 
the  upper  part  of  the  tower,  thus  preparing  the  gas  for  rapid  formation  into 
sulphuric  acid  in  the  lead  chambers.” 

Thut>  the  nitrous  acid  gas  absorbed  by  the  Gay-Lussac  tower  and  recov¬ 
ered  from  the  chamber  process  is  made  available  again  by  the  Glover  tower 
or  use  in  the  chamber  process  and  the  denitrated  acid  is  concentrated  for 
use  in  the  Gay-Lussac  for  again  absorbing  nitrous  acid  gas.  Incidentally, 
the  sulphurous  acid  gas  from  the  roasting  furnaces  is  cooled  and  purified. 

onsequently  the  Glover  tower  is  a  means  of  heat  recuperation;  it  owes  its 
efficiency  to  the  waste  heat  of  the  combustion  of  the  ore  which  it  recovers, 
'or  its  successful  operation,  therefore,  the  sulphurous  acid  gas  must  not 
e  permitted  to  cool  below  a  certain  temperature.  The  temperature  of  the 
g  en  erm^  the  tower  where  no  unusual  precautions  have  been  taken  t° 
conserve  the  heat,  is  from  310°  C.  (600°  F.)  to  427°  C  (800°  F.).  The 

"v1*  °l th<!  gaS  leaving  tho  tower  is  ^om  88°  C.  (190°  F.)  to  93°  C. 
anWlril  *  mc®  heat  produced  by  the  oxidation  of  the  sulphurous 
anhydride  is  about  93°  C.  (200°  F.)  to  99°C.  (210°  F  )  in  the  zone  of 

grea  est  act’vdy,  it  is  evident  that  the  heat  of  the  sulphurous  gas  coming 

niZr  W.  nca,'1'r  0,1  if  entirely  absorbed  by  «» 

t  he  ox  Z;  :  'r*  “  of  tho  Glover  is  due  chiefly 

xo  tiie  oxidation  of  sulphurous  anhydride. 
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Degree  of  Concentration  Effected  in  the  Glover  Tower. — According  to 
Jlr.  Falding  (loc.  cit.)  the  heat  produced  by  the  oxidation  of  most  ores 
used  for  making  sulphuric  acid  is  sufficient  if  properly  conserved  to  concen¬ 
trate  the  acid  produced  to  6G°  B.,  or  93-5%  H2S04,  the  difficulties  in  the 
way  of  such  high  concentration  being  entirely  mechanical  and  as  follows: 

(1)  The  conservation  of  the  heat  in  the  flues  leading  to  the  Glover  tower; 

(2)  the  proper  preparation  of  the  Glover  tower  and  its  suitable  construction, 
involving  the  use  of  sufficiently  refractory  material;  (3)  the  purification  of 
the  concentrated  acid;  (4)  the  reconciliation  of  the  functions  of  high  con¬ 
centration  and  proper  denitration  in  the  Glover  tower. 

For  practical  purposes  the  limit  of  concentration  in  the  Glover  tower 

may  be  taken  as  62°  B.  The  tower  will  readily  concentrate  to  that  strength 

more  acid  than  is  required  for  the  Gay-Lussacs ;  in  fact,  the  entire  make  of 

the  chambers.  The  commercial  Glover  tower  acid  is  generally  of  60°  B. 

strength.  The  advantages  of  the  tower  method  of  concentration  consist  in 

the  recovery  of  a  large  percentage  of  nitrous  oxide  and  the  raising  of  the 

whole  output  of  chamber  acid  from  50°  B.  to  62°  B.,  the  steam  thereby 

produced  being  returned  to  the  lead  chambers,  where  steam  is  needed,  and 

the  cost  of  a  part  of  the  water  evaporation  for  that  purpose  being  saved. 

The  only  drawback  to  the  method  is  the  impurity  of  the  acid  produced  and 

the  difficulty  encountered  in  its  purification  by  precipitation  at  such  density . 

The  impure  Glover  tower  acid  is  sufficient,  however,  for  many  chemical  uses 

and  it  can  be  concentrated  further  and  purified  by  special  processes. 

Plant  Required.—' The  plant  required  for  the  manufacture  of  sulphuric 

acid  of  60°  B.  strength  from  zinc  blende  ore  consists,  therefore,  of  muffle 

roasting  furnaces,  a  svstem  of  dust  chambers  for  settling  the  ust  c^rr^ 

over  from  the  furnaces  and  flues  loading  from  the  dust  chambers  to  he 

Glover  tower,  a  series  of  lead  chambers  through  which  the  gas  from  the 

Glover  tower  passes  successively,  and  finally  a  senes  of  Gay-Lus^e  towers. 

The  slue  smelter  who  proposes  to  undertake  the  “tries' 

I>l'uric  acid  is  obliged  to  substitute  muffle  furnaces  »r 
a  D  .  ,  .  ,  ,  ,  •  pLonter  on  blende  roasting,  tne  cost  oi 

As  previously  pointed  out  in  the  cl  ap  more  than  roasting 

roasting  in  muffle  furnaces  need  not  •  chambers  connected  with 

?  ^oratories.  While  an  elaborate £  ^  d^^mendrf  since  flue 

the  casting  furnaces  is  not  essentia  ,  .  arranging  a  system  of  dust 

dust  is  troublesome  in  the  Glover  towe  ,  tower,  care  must  be  taken 

chambers  and  the  flues  leading  from  ®m  required  for  the  most 

that  the  gas  be  not  cooled  below  t  e  emp  through  the  sulphuric 

efficient  operation  of  the  Glover  tower.  The  dr aug 
acid  system  is  best  regulated  by  means  o  a 
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The  size  of  the  lead  chambers  is  governed  by  the  quantity  of  gas  that  is 
to  be  condensed  in  them  and  its  tenor  in  sulphurous  anhydride.  According 
to  Mr.  Falding  (loc.  cit.),  with  a  suitable  arrangement  of  chambers  and  a 
regular  flow  of  gas  of  proper  tenor  in  SO,,  from  11  to  12  eu.  ft.  of  chamber 
space  per  pound  of  sulphur  in  the  form  of  pyrites  burned  per  24  hours,  is 
sufficient;  with  the  addition  of  Lunge  columns  the  chamber  space  may  be 
reduced  to  8  or  9  cu.  ft.  per  pound  of  sulphur.  In  most  existing  plants, 
however,  the  proportion  of  chamber  space  is  considerably  greater  than  is 
indicated  by  those  figures,  and  an  allowance  of  15  cu.  ft.  of  chamber  space 
per  jiound  of  sulphur  in  the  form  of  pyrites  and  16  cu.  ft.  in  the  form  of 
blende,  no  Lunge  columns  being  employed,  would  be  considered  good  prac¬ 
tice.  The  volume  of  the  gases  obtained  in  roasting  blende  being  somewhat 
greater  (in  the  ratio  of  800:  840)  than  those  from  the  roasting  of  pyrites 

under  the  same  conditions  (vide  p.  40)  the  chamber  space  must  be  increased 
proportionately. 


General  Arrangement.— The  general  arrangement  of  a  sulphuric  acid 
plant  is  illustrated  in  the  accompanying  drawings  (reproduced  from  a  paper 
y  Itobert  Hasenclever  in  Die  Chemische  Industrie,  of  January  15,  1890)  of 
the  installation  at  Stolberg,  Germany,  where  the  sulphurous  anhydride  gas 
is  produced  by  roasting  blende.  The  plant  comprises  six  double  Hasen- 

jQonn  ,  ^  Which  have  an  W«8«*e  capacity  for  roasting  about 

,  *  °  °ro  Per  ^ie  of  the  lead  chambers  is  7250  cu.  in. 

n'o  '  CU'.  ft‘)  per  system-  An  average  output  of  40,640  kg.  of  acid  of 

by  volume 8  ^  ^  plant>  the  roast  gases  assaying  9%  SO, 

It  is  to  be  remarked  that  this  plant  is  operated  by  natural  draught,  the 
use  of  mechanical  exhausters  being  rare  in  Europe,  though  they  are  now 
the  common  practice  in  the  United  States.  The  roasting  furnaces  are  set 

of  11  ^  ( 37  ft)  apart  for  the  ^ater  comfort 

he  men  1  lie  lead  chambers  have  the  six-side  section,  which  was  favored 

°f  eCOn°m-V  0f  lead  ^  construction, 
^  Chamber  SpaCG  “because  of  ^ewer  dead-corners”  and 
£ds  v  t  \  r?  PiiCh  r00f’  permitting  a  construction  which 

the  building  egpecia%  hi<rhPf0rtth«ithamb0r  With°Ut  making  the  r°°f  °f 
ported  from  the  ground  in'such  a  wav  thatTT  T  *Aam}>a? 

for  storage  tanks,  acid  concentration  L!  f  f  d<?ar  SpaC0  18  availabl° 
in"  the  ehamh^ro  „  ’  t.  e  apparatus,  etc.  The  building  enclos- 

boards  and  a  r(MfCOT"rinXfftne8',b8tantiaI  timl,CT  S,“>ath,?d 

The  chambers  are  divided  into  two  systems,  each  of  which  is  served  by 
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thni!  furnaces.  In  order  to  control  the  draught  perfectly  each  furnace  in 
narked  by  a  separate  Hue,  the  gas  from  the  three  being  united  only  when 
it  reaches  the  Glover  tower.  The  flues  are  of  large  dimensions  and  the 
u'locitv  of  the  gas  through  them  is  slow,  giving  the  dust  ample  opportunity 
to  settle.  There  is  in  the  first  place  a  dust  chamber  built  in  the  upper 
part  of  each  single  furnace.  In  that  the  gas,  then  at  a  temperature  of 


i  Tn  the  canals  load- 

680°  0.,  moves  at  the  rate  of  only  0*138  m.  PcT  m  p(>r  second, 

ing  from  the  furnaces  the  velocity  varies  fiom  0  .>  *  o  ^  rrh«* 

The  gases  reach  the  Glover  tower  at  a  temperature  o  ac0om- 

low  velocities  registered  in  the  flues  of  the  dimensions^  an(^  con. 

paining  engravings  nre  due  of  course  to  the  unu^u  ^  ^  .Q  qUantity 
sequently  small  volume  of  the.  gas,  which  assaying  *  /'  ‘  * 
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only  one  half  what  it  is  when  the  gas  contains  4-5%  SO, — a  figure  which 
is  not  uncommon  in  practice. 

Arrangement  of  Chambers. — It  is  not  merely  sufficient  to  provide  suffi¬ 
cient  chamber  capacity,  but  the  latter  must  be  arranged  according  to  the 
zones  of  chemical  activity.  It  is  obvious  that  if  there  were  only  one  long 
chamber  the  most  intense  chemical  activity  would  occur  at  the  end  into 
which  the  fresh  gas  from  the  Glover  tower  is  admitted  and  in  proceeding 
toward  the  other  end  the  action  would  become  more  and  more  sluggish, 
because  of  the  increasing  dilution  of  the  gas,  until  it  would  cease  entirely. 


Fig.  132.  Blende  Roasting  and  Sulphuric  Acid  Plant. 


Transverse  vertical  section  through  chambers.  Scale,  I  :  300. 


An  installation  of  a  single  long  chamber,  even  if  it  had  the  requisite  volume, 
would  be  very  inefficient.  Practically  it  is  found  that  the  greatest  forma¬ 
tion  of  acid  takes  place  within  a  comparatively  short  distance,  generally 
less  than  100  ft.,  after  which  the  chemical  activity  diminishes  sharply; 
up  to  that  point  fully  70%  of  the  sulphurous  anhydride  will  have  usually 
been  converted  into  acid. 

It  is  customary  therefore  to  divide  the  chamber  system  into  a  series  ot 
three  or  more,  which  correspond  to  zones  of  chemical  activity.  By  causing 
the  gases  to  pass  through  the  comparatively  small  connecting  pipe  from  one 
to  the  next,  they  are  mixed  and  the  intensity  of  the  process  is  greatly  in- 
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,  .  o  fimp  Usually  the  division  is  made  into  only  three  chambers, 
°L  length  is  in  the  ratio  of  approximately  5:3:1.  In  the  first, 

!  ,l‘t  with  the  Glover  tower,  about  70%  of  the  entire  formation  of  acid 
‘°f  ,  in  the  second  about  25% ;  in  the  third  the  last  of  the  acid  is 

I  td  the  nitrogen  oxides  are  prepared  for  absorption  in  the  Gay- 

r  “  jyre 

Urge' systems  the  practicable  ^'ettee  to  install 

sufficient  volume  with  such  lengt  ,  _  *  them  of  great  length, 

3of,f  rS  ch^eS  becomes  less  and 


no.  133.  Diageam  or  CHAMnna  Sonn— 

A,  Glover  tower.  ~D,  Intermediate  columns.  > 

ess,  except  where  at  the  beginning  of  each  not  c  1  ^  sluggish  process  is 
timulated,  until  finally  by  sheer  space  and  l  a  ^  niter  and  great  cor- 
lompleted,  always  in  presence  of  the  dangei  °  ^  formation  of  nitric 

rosion  of  the  final  chamber  and  connections,  ei  do  jn  fact  occur, 

icid  or  by  higher  oxidation  of  the  N20;t,  w  11(  1  a  &  large  plant  without 
In  order  to  secure  the  requisite  chamber  to  uim  Raiding  makes  the 

increasing  the  length  of  the  individual  chain  k  be  built  in  multiple  nud 
rational  suggestion  that  the  first,  second  an  ,  anti  the  number  o 

grouped  abreast,  the  gas  being  divided  between  of  gas  and  other 

chambers  in  each  group  being  proportioned  to  m  found  in  eVcry  way 
conditions — an  arrangement  which  he  states  c  illustrated  in  the  accom- 
satisfaetory  in  practice.  Such  an  arrange  men  flrst,  second  and  thir 

panying  engraving.  The  proportion  between  1C 
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chambers  of  the  series  is  approximately  4:2:1.  To  make  the  division  prac¬ 
tically,  divide  the  total  cubic  feet  required  by  the  sectional  area  that  has 
been  determined  upon,  which  will  give  the  total  length  of  the  chambers 
Then  proportion  the  length  as  4 :  2 : 1 :,  and  if  the  cubic  capacity  is  so  large 
that  the  first  chamber  will  be  more  than  100  ft.  long,  divide  it  into  two  or 
more  chambers.  For  example,  supposing  the  total  volume  required  were 
100,000  cu.  ft.  and  the  sectional  area  to  be  employed  were  520  sq.  ft. 
(26X20  ft.)  then  100,000-^520=approximately  193  ft.  and  the  system 
would  be  divided  into  three  chambers  about  110  ft.,  55  ft.  and  30  ft.  re¬ 
spectively.  But  if  400,000  cu.  ft.  were  required  and  the  sectional  area  were 


to  be  720  sq.  ft.,  the  total  length  of  chamber  would  have  to  be  400,000 
-^(^approximately  550  ft.  and  the  ratio  4:2:1  would  make  the  leading 
chamber  320  ft.  long,  the  second  160  ft.  and  the  third  75  ft.  Those  lengths 

''oa<  . ™Uch  t°°  ^or  ^le  and  second  chambers,  so  the  first  would 
be  divided into  four  of  80  ft.  length  and  the  second  into  two  of  80  ft. 

ic  sectional  area  that  may  be  given  a  sulphuric  acid  chamber  depends 
upon  the  size  of  the  plant  and  structural  considerations.  In  the  United 

J  ma<1°  rectan^lar-  Dimensions  of  24X20  ft., 
2  D  t  ^  {t>  28X24  f*’’  30X20  ft  and  30X24  fi  are  common. 

C  <U  S  °  lam  cr  onsiruction. — A  sulphuric  acid  chamber  is  essenti- 
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,1 .  huge  box  of  sheet  lead,  which  is  supported  by  an  external  frame- 
k  of  timber.  The  floor  of  the  chamber  must  be  sufficiently  high  above 
til  ground  to  give  easy  access  to  its  under  side.  The  sheet  lead  should  be 
of  the  variety  known  as  “chemical.”  Sheet  lead  weighing  6  lb.  per  sq.  it. 
is  commonly  employed,  but  sheets  ns  light  as  4  lb.  and  as  heavy  as  8  lb.  are 
sometimes  used.  The  heavier  the  lead  the  greater  is  the  first  cost  of  the 
chambers,  but  the  less  is  the  cost  for  repairs  and  renewals  in  the  operating 
account.  In  comparing  bids  for  the  construction  of  chambers  special  atten¬ 
tion  should  be  paid  to  the  weight  of  the  lead  that  it  is  proposed  to  use 
since  contracting  engineers  sometimes  make  proportiona  c  \  ow 


Scale,  1  in.  =  3  ft. 


planning  to  substitute  a  light  weight  of  lead  °*  w  rcction  of  chambers 
used.  The  cost  of  the  lead  is  a  very  large  item  in  m  |  according  to  the 
and  the  expense  of  the  latter  varies  naturally  a  g00( chambers  is 
price  for  the  metal.  The  quantity  of  lead  requira  ^  basis  of 

approximately  from  1*3  to  1-4  times  the  weight  ca  cn  a  •  0f  cham- 
their  surface ;  for  the  towers  0-2  to  0*3  times  the  ea  cu  a  ^  plant  1*7  to 
ber  surface;  and  for  other  purposes  0-1  to  0-2  ,  or  or  1  manner,  and 

The  lead  sheets  are  united  by  burning  in  t  u  ^burned  to  the  outer 
are  fastened  to  the  timber-frame  hv  means  of  straps^  roeess  of  acid 
surface.  Tlio  chamber  load  is  somewhat  eoiroi  <<  ^  -.ritlii iff  an  °ld  acid 

manufacture,  but  not  to  a  great  extent,  and  in  disn 
plant  something  like  90%  is  recovered. 
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The  bottom  of  the  chamber  is  made  in  the  form  of  a  pan,  within  which 
the  curtains  or  sides  of  the  chamber  extend  to  such  a  depth  that  the  open¬ 
ing  is  sealed  by  the  acid  collected  in  the  pan.  The  acid  outlets  are  arranged 


Pigs.  139  to  141.  Details  of  Chambers. 

I' or  °hanl',(“r8  -O  ft-  high  burn  four  straps  on  alternate  sides  of  each  post  and  Intermediate 
upright  at  heights  respectively  of  3  ft.  4  in..  6  ft.  8  in..  10  ft.,  and  13  ft  4  in  from  chamber 
bottom.  A  shows  strap  unfinished.  Use  four  leaded  nails  1-5  in.  long  and  turn  over  1  in. 
at  the  wider  end  for  burning  to  side  lead.  Finish  by  spiking  on  a  0-75  in.  board.  4X«5  In.. 
as  shown  at  B.  The  lead  straps  are  cut  from  a  strip  of  sheet,  9  in.  wide,  into  trapezoids 
.1  in.  wide  on  the  short  side  and  <*  in.  on  the  long  side,  whereby  9X9  in.  of  lead  cuts  into  two 
straps.  The  method  of  cutting  the  lead  straps  is  shown  in  Fig.  135. 


iii  such  a  way  as  to  keep  a  layer  of  3  to  4  in.  of  cool  acid  always  in  the 
pan,  which  prevents  any  scouring  action  on  the  bottom.  The  steam  fa 
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.fitted  through  pipes  entering  the  top  of  the  chambers  at  points  about 
gtft!  apart ^beginni ng  »  ft.  from  the  front  end  of  the  chamber.  In  nar- 
row  chambers  the  openings  are  made  on  the  center  line,  in  wi i  e  c  iam  e*3 
two  holes  may  be  placed  abreast  on  each  side  of  the  center  line,  bom  - 
times  the  steam  is  admitted  at  the  connections  between  chambers Mm 
way  as  to  act  as  an  injector  in  case  of  insufficient  draugh  .  T  steam 
pressure  employed  averages  about  20  lb.,  ranging  from  10  tc .40  11 .  A  ' 
Libers  are  also  fitted  with  drips  for  drawing  oil  samples  o  md^ 
testing,  with  thermometers  for  determining  Hie  temp*  mature  •  aro 

sary  devices  for  tlie  control  of  the  process.  T1 


^NS"Lead  Pip©  A 

J  2  Outlet  Pipe 

Fig.  142.  Details  of  Chambers;  Acid  Connect 

Scale,  1  In.  =  2%  ft. 

illustrated  in  the  accompanying  engravings  from  dra  *  S  ^  yn  to 
Falding,  reproduced  from  his  paper  in  The  Mineral^ ^ 
whom  are  due  also  the  engravings  of  the  Glover  ant  gheet  leaa, 

Glover  Tower  Design.— The  Glover  tower  is  a  s  ia  ^  ^out  9  in.  of 
properly  stayed  and  supported  on  the  outside,  „roferably  lava;  and 

refractory  material,  which  may  he  chemical  brick,  1  1  ^  "grill.  The 

packed  with  chemical  brick  or  quartz  resting  on  a  volume  of  the 

height  and  diameter  of  the  tower  are  proportionct  0  draught  and 

gas  which  is  to  pass  through  it,  the  means  taken  to  crea  e  ^  case? 
upon  whether  high  concentration  or  high  oxidation  K  '  (  1 
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the  proportions  must  be  such  that  the  heat  in  the  sulphurous  gas  delivered  to 
the  tower  will  be  absorbed  and  prevented  from  passing  to  the  chambers, 
but  the  exit  gases  must  he  sufficiently  hot  to  prevent  condensation  of  any  ‘ 
considerable  proportion  of  the  steam  formed  in  the  lower  part  of  the  tower. 
Mr.  F.  J.  Falding  (loc.  cit.)  states  that  towers  of  greater  height  than  18  to 
25  ft.  (according  to  the  volume  of  gas  they  are  designed  to  handle)  are 
unnecessary;  although  “higher  towers  may  on  account  of  the  cooling  of  the 
gas  produce  more  acid  owing  to  condensation,  it  can  only  be  at  the  expense 
of  the  concentrating  efficiency  of  the  tower.”  Concentration,  it  must  he 
remembered,  is  a  more  important  function  of  the  Glover  tower  than  con- 


X  Lead  ripe 


CH33  CM  QZZ3 


X  Lead  Pipe 


hiGs.  143  and  144.  Details  of  Steampipe  Connections  for  Chambkhs. 

Scale,  1  in.  =  1  ft. 


densation,  which  should  take  place  in  the  chambers.  Formerly  towers  *10  to 
50  ft.  in  height  were  used.  In  any  case  the  packing  must  be  arranged  in  such 
a  way  that  there  will  not  be  an  excessive  obstruction  to  the  draught,  1 
height  of  the  packing  in  a  tower  from  18  to  25  ft.  high  will  be  10  to  17  ft. 

Design  of  the  Gay-Lussac  Tower . — The  Gay-Lussac  tower  is  a  slender 
shaft  ol  f] o  to  oO  it.  in  height  and  G  to  10  ft.  in  diameter.  When  a  greatei 
heiglit  than  50  ft.  is  necessary  it  is  advisable  to  divide  it  between  two  or 
more  towers.  The  shaft  is  supported  by  an  external  framework  of  timber, 
and  is  lined  with  chemical  brick.  It  is  packed  with  quartz  supported  on  a 
gJll  ol  chemical  brick.  Chemical  brick  or  perforated  tiling  also  form  a 
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g00([  packing,  but  coke  which  used  to  be  employed  commonly,  and  is  still 
used  to  a  considerable  extent,  is  not  to  be  recommended,  since  it  breaks 
down  and  cements  together  so  that  the  passage  of  the  gas  is  greatly  inter¬ 
fered  with,  and  also  it  reacts  chemically  with  the  nitrogen  compounds, 
forming  oxides  which  are  not  absorbed.  Quartz  packing,  put  in  with  the 
large  pieces  at  the  bottom  and  the  small  ones  at  the  top,  is  one  of  the  best 
materials,  while  the  balls,  cylinders,  troughs,  star-plates  and  other  elaborate 
packings,  used  in  Germany,  which  can  be  placed  in  position  with  great 
accuracy,  are  claimed  to  be  highly  efficient.  The  Gay-Lussac  tower  should 
be  placed  in  a  cool  and  easily  accessible  position  and  requires  no  protection 
from  the  weather,  save  from  the  direct  rays  of  the  sun. 

Draught  Fans. — In  the  ordinary  sulphuric  acid  plant  the  draught  on 
the  roasting  furnaces  and  through  the  entire  system  is  produced  by  the 
vacuum  caused  by  the  condensation  of  the  gases  into  sulphuric  acid  and 
the  contraction  in  volume  due  to  cooling,  by  the  siphon-like  action  of  the 
cool  gas  behind  the  Glover  tower  and  by  a  chimney  or  steam  inspirator  at 
the  exit  of  the  whole  system.  The  Matthiessen  &  Hegeler  Zinc  Co.  in 
1885  first  substituted  mechanical  draught  induced  by  a  suitable  ex  aus  er 
for  natural  draught,  and  that  system  is  now  generally  employe  in  mo 
American  plants.  In  this  way  the  draught  through  the  whole  system  can 
be  regulated  as  desired  and  is  uninterfered  with  by  atmospheric  conditions 

or  other  irregularities.  ,  ,  „  i„.  j 

The  draught  fan  is  usually  placed  between  the  Glover  ower  an 
chambers,  but  sometimes  it  is  installed  immediately  a  ter  le  roa& 
naces,  for  which  purpose  A.  P.  O’Brien,  of  the  Richmond  0“*“°  Co  of 
Richmond,  Ya.,  has  designed  an  exhaust  fan  o  cost  non  “  F , 

which  works  successfully  with  sulphurous  gas  o  '  water 

Water  is  used  as  a  lubricant  instead  of  oil  and  the  journals  are  water 

Yield  of  A  cid. — Theoretically  100  parts  of  sulphur  burned  in  tlmforin  of 
brimstone,  pyrites  or  blende,  should  make  306-2  PaI  ’  ,  F  Qf  300 

actual  recovery  approaches  frequently  close  to  the :  theoretics  ,  > 
parts  of  acid  per  100  parts  of  sulphur  burned  having  been  forded  m  p  c 
tiee  with  the  use  of  p  rites.  These  ratios,  it  should  be  borne  m  .nun^r 
not  to  the  quantity  of  sulphur  contained  origmaUy  »  the  ore,  but^ 

quantity  burned  and  delivered  in  the  gas  \vhi<  1  1  ,,  *iie  ratio 

and  lead  chambers.  In  practice  the  yield  is  generally  les ^  than  the 

3:1.  Considering  the  production  of  acid  fron^C^ ^’approximately 
sumed  safely  that  one  ton  or  ore  containing  b  / 

tF,  J.  raiding.  The  Mineral  Industry.  IX.  6-1. 
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30%  sulphur,  will  yield  one  ton  of  acid  of  60°  B.  if  29  units  of  the  sulphur 
be  burned,  and  at  least  as  much  as  that  would  be  necessarily  burned  off, 
because  even  then  the  tenor  of  sulphur  in  the  roasted  ore  would  be  approxi¬ 
mately  at  the  limit  that  could  be  tolerated  for  zinc  smelting.  Assuming 
then  that  29  units  of  sulphur,  equivalent  to  580  lb.,  be  burned,  the  ratio 
of  acid  production  would  be  as  follows:  One  ton  of  60°  B.  acid  contains 
2000XO-77G05=1552*1  lb.  of  H2S04,  and  1552*1-^580=2G7-G ;  i.e.,  267-G 
parts  of  H2S04  has  been  reckoned  per  100  parts  of  sulphur  burned,  which 
is  a  moderate  estimate.  If  300  parts  of  II2S04  were  made  per  100  parts 
of  sulphur  burned,  the  yield  of  60°  B.  acid  would  be  2240  lb.,  or  1-12  tons. 

The  tenor  of  H2S04  in  commercial  acid  of  various  degrees  of  strength 
may  be  found  from  tables  contained  in  the  several  treatises  previously  re¬ 
ferred  to.  The  data  of  that  nature  required  for  the  present  discussion  of  the 
subject  is  summarized  as  follows : 


Acid  of  60°  U.  S.  Beaum6  scale  contains  93*501%  H2S04. 

44  “  60°  44  “  44  44  77*605% 

44  44  50°  44  44  44  44  62  177% 

2,000  lbs.  of  66°  acid  contain  1,870*0  lbs.  H2S04. 

“  44  44  60°  44  44  1  .552*1  44 

44  44  44  50*  44  44  1,243  5  44 

1  ton  of  66°  acid  =  1*20  tons  of  60°  acid 

1  44  44  60°  “  =  1*25  4  4  4  4  50°  44 

1  44  44  50°  44  =  0*80  44  44  60°  44 

1  44  44  60°  44  =  0  *  83  4  4  4  4  66  °  44 

Cost  of  Production. — The  cost  of  acid  manufacture  is  a  function  of  the 
size  of  the  plant  to  a  greater  extent  than  in  most  branches  of  metallurgical 
industry,  because  after  the  gases  are  delivered  from  the  roasting  furnaces 
the  materials  which  enter  into  the  composition  of  the  acid  are  chiefly  in 
gaseous  and  liquid  form,  their  movement  through  flues  and  pipes  being 
controlled  by  fans  and  dampers,  pumps  and  valves,  wherefore  the  same 
number  of  men  can  with  a  plant  of  adequate  size  make  50  tons  of  acid  per 
day  as  well  as  20  tons.  On  that  account  and  in  view  of  the  active  com¬ 
petition  which  exists  at  present  in  the  sulphuric  acid  business,  it  would 
probably  be  inadvisable  to  plan  a  sulphuric  acid  plant  of  less  capacity  than 
10,000  tons  of  60°  B.  acid  per  annum.  The  cost  of  a  sulphuric  acid  plant 
of  10,000  tons  capacity  per  annum  of  Glover  tower  acid,  not  including  the 
roasting  furnaces,  is  approximately  $G0,000,  or  $6  per  ton  of  annual  capac- 
ity,  when  pig  lead  is  worth  about  4c.  per  lb.  at  New  \  ork.  Since  the  cost, 
of  the  sheet  lead  for  the  chambers  forms  an  important  part  of  the  total 
cost,  the  latter  is  increased  or  decreased  by  a  rise  or  fall  in  the  value  of 
lead.  The  cost  of  the  plant  per  ton  of  capacity  decreases  also  to  a  certain 
extent  with  the  size  of  the  plant,  wherefore  a  plant  of  30.000  tons  capacity 
would  probably  cost  only  about  $5  per  ton.  Sulphuric  acid  chambers  are 
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generally  enclosed  in  wooden  houses,  but  brick  houses  are  sometimes 
employed. 

As  compared  with  the  manufacture  of  sulphuric  acid  from  brimstone  and 
pyrites,  the  manufacturer  from  blende  has  the  advantage  of  saving  the  cost 
of  the  raw  material1  and  the  cost  of  handling  and  burning  it,  since  his  raw 
material  and  the  cost  of  roasting  it  will  be  charged  properly  against  the 
product  of  spelter.  Moreover,  his  general  expense  account  will  be  to  a  con¬ 
siderable  extent  shared  by  the  zinc  smelting  side  of  the  business. 

In  making  sulphuric  acid  from  blende,  assuming  that  the  sulphurous  gas 
be  delivered  free  to  the  acid  department,  the  cost  of  production  apart  from 
amortization  of  the  plant  will  include:  (I)  Interest  on  working  capital; 
(2)  labor;  (3)  coal;  (4)  nitrate  of  soda;  (5)  miscellaneous  supplies;  (G) 
repairs  and  renewals. 

1.  General  expense:  This  will  include  taxes,  insurance,  interest  on 
working  capital,  salaries  and  office  expenses  and  the  cost  of  marketing  the 
product.  Ihese  will  vary  considerably  under  different  conditions. 

2.  Labor .  Probably  the  maximum  number  of  men  required  for  a  plant 
capable  of  making  30,000  tons  of  G0°  B.  acid  per  annum,  would  be  as  fol¬ 
lows.  One  general  foreman,  four  chamber  and  tower  men,  four  pump  men, 
and  four  yard  men  and  laborers. 

3.  Coal.  Coal  is  required  for  evaporating  the  water  to  combine  with 
the  sulphuric  anhydride  and  also  for  power  in  operating  the  pumps  and 
fans.  One  ton  (2000  lb.)  of  acid  of  60%  B.  strength  contains  742  1!).  of 
water.  .  Coal  is  required  to  evaporate  in  boilers  that  quantity,  besides  which 
a  certain  amount  of  power  is  required  with  the  result  that  the  total  con¬ 
sumption  of  coal  will  be  probably  about  10%  of  the  product  of  acid. 

4.  Nitrate  of  soda:  In  good  practice,  with  the  proper  system  of  Gay- 
Lussac  and  Glover  towers,  the  loss  of  nitrate  of  soda  will  be  2-5  to  3%  of  the 
weight  of  the  sulphur  burned.  Tn  the  decomposition  of  the  additional  niter 
to  make  good  the  loss,  a  corresponding  quantity  of  sulphuric  acid  is  con¬ 
sumed.  If  the  loss  of  niter  were  3%,  on  580  lb.  of  sulphur  it  would  be 
17-4  lb.,  which  would  require  20  lb.  of  H,SO 

5  Miscellaneous  supplies,  light,  etc.;  will  probably  come  to  about  10c. 
per  ton  of  acid  produced. 


1  This  Is  only  true,  however,  when  the  ore 
Is  obtainable  at  the  same  price  as  is  estab¬ 
lished  by  those  zinc  smelters  who  do  not 
recover  acid.  If  the  ore  price  he  deter¬ 
mined  by  the  competition  of  smelters  who 
nil  make  acid,  its  sulphur  contents  will  be 
aid  for  In  one  form  or  another.  The  com¬ 
b-nation  of  zinc  smelting  and  acid  making 


may  also  Involve  disadvantageous  freight 
charges  and  other  costs,  which  ifcast  really 
lie  debited  against  the  sulphur  in  the  ore. 
It  will  probably  be  rarely  the  case  that  the 
maker  of  acid  from  blende  will  have  an 
advantage  over  the  maker  from  pyrites  to 
the  full  extent  of  the  cost  of  the  pyrites. 
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6  Repairs  and  renewals :  These  may  be  estimated  at  50c.  per  ton  of 
acid  produced,  which  figure  is  sufficiently  liberal  to  include  the  repairs 
required  on  the  tank  cars  for  distribution  of  the  product. 

The  total  cost  of  acid  recovery,  not  including  general  expense  or  amorti¬ 
zation  of  plant,  will  probably  come  to  $l-25(a$l-50  per  ton  of  00°  B.  acid, 

f.o.b.  works.  , 

Tank  Cars.— In  distributing  the  acid  product  to  customers,  a  number  of 

tank  cars  are  required,  which  as  a  general  thing  are  the  Pr0Pc 0 
acid  manufacturer,  the  railways  making  freight  rates  for  the  movement  of 
acid  in  shippers’  cars,  the  quoted  rates  usually  covering  the  free  return  o 
the  cars  to  the  acid  works.  The  number  of  cars  required  depends  upon  the 
quantity  of  acid  that  is  to  be  produced  and  the  location  of  the  aci  w 
with  reference  to  the  points  where  the  products  are  consume  . 

The  tank  cars  employed  for  the  transportation  of  acid  are 
those  used  for  carrying  petroleum  and  other  liquic  prot  uc  . 

are  made  usually  of  %  in.  steel  plates,  cylindrica  in  form.  The  co 
of  acid  of  GO"  B.  strength  upon  iron  and  steel  is  — ?*“*“* 
proper  care  acid  of  SO"  B.  strength  may  he  shipped  in  such 
significant  wear  and  tear.  Cars  are  made  generally  with  tanks  c  20 ,  3 
and  10  tons  capacity.  Under  the  present  conditions  of 
inadvisahlc  to  order  20-ton  cars  since  tl« i  raihut} ^quipm  ^  ^  alm0st 
is  yearly  becoming  heavier  and  cars  of  v0  \  crushed  or 

entirely  abandoned,  owing  to  the  fact  that  they  are  *a  coupled  in  the 
pulled  apart  between  cars  of  30  and  40  tons  capaci  j 

same  train.  If  for  any  reason  it  is  desirable  to  cost 

capacity,  it  is  preferable  to  place  a  20-ton  an^  on^  of  %  in.  steel 

of  a  tank  car  of  capacity  for  30  tons  of  ajr’brakes  and  M.  C.  B. 

plate,  double  riveted  throughout,  equippe  -Teraents  0f  the  M.  C.  B. 

automatic  couplers,  and  conforming  to  a  the  maker>s  works.  A  ear 

Association  and  the  national  laws,  u cogts  about  $840.  A  30-ton 
of  the  same  capacity,  but  made  of  4  in-  ‘  ’  hile  tbe  same  car  with  a 

car  with  a  double-riveted  20-ton  tank  cost*  $  >  ,  ^  js  most 

single  riveted  tank  costs  only  $71)0-  If.  3°"  ?^kg  0f  %  in. 'steel,  while 
advisable  to  purchase  those  with  double  ri\  e  e  <  4  car  kody  and 

for  20-ton  cars  a  single  riveted  tank  may  be  sufficient,  the 

trucks  remaining  tbe  same  in  each  case.  _  tbe  present  time  the 

Catalytic  Manufacture  of  Sulphuric  Acid.  *  successful  intro- 
sulphuric  acid  industry  bids  fair  to  be  revolutions  <  ^  Qn  |-be  blea  of 

duction  of  catalytic  processes.  These  processes  arc  ,  or  sulphides, 
making  the  sulphurous  anhydride  obtained  by  burning  1 
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combine  directly  with  oxygen  to  form  sulphuric  anhydride,  which  is  then 
easily  absorbed  in  water,  so  as  to  make  commercial  acid  of  any  desired 
strength  up  to  pure  H2S04.  The  idea  is  an  old  one,  and  the  fact  that 
finely  divided  platinum  in  virtue  of  its  power  of  condensing  oxygen  induces 
the  union  of  S02  and  0  into  S03  has  been  known  for  a  long  time,  but  all 
attempts  to  utilize  the  reaction  for  the  production  of  sulphuric  acid  from  a 
mixture  of  sulphurous  anhydride,  air  and  nitrogen,  were  failures  until  re¬ 
cently.  “The  platinum  acted  too  feebly  in  the  presence  of  the  unavoidably 
large  volume  of  nitrogen  and  soon  lost  its  efficacy  altogether  owing  to  the 
accumulation  on  it  of  particles  of  dust  from  the  kiln  gases.  Chromic  oxide 
and  ferric  oxide  act  like  platinum,  through  the  transitory  formation  of  their 
respective  sulphates — the  gases  produced  in  pyrites  kilns  include  a  consider¬ 
able  quantity  of  ready  made  sulphuric  anhydride — but  they  also  are  not 
available  practically  for  the  making  of  sulphuric  acid.”  1 

Since  the  paper  above  quoted  was  written,  great  progress  has  been  made 
in  the  development  of  catalytic  processes.  In  a  lecture  delivered  before  the 
Liverpool  section  of  the  Society  of  Chemical  Industry,  October  4,  1899, 
Professor  Lunge  said  that  when  he  wrote  for  The  Mineral  Industry,  Vol. 
IV,  at  the  end  of  1897,  approximately  G7%  was  to  be  considered  very  good 
work,  the  remaining  33%  of  the  sulphurous  acid  gas  having  to  be  sent  to 
the  lead  chambers  together  with  better  gas  from  other  burners ;  “in  lieu  of 
G7%  we  must  now  speak  of  98%.” 

Catalysis  Defined. — Catalysis  is  defined  by  Berzelius  as  a  decomposition 
and  new  combination  produced  among  the  proximate  and  elementary  prin¬ 
ciples  of  one  or  more  compounds  by  virtue  of  the  mere  presence  of  a  sub¬ 
stance  or  substances  which  do  not  of  themselves  enter  into  the  reaction.  It 
is  believed,  however,  that  bodies  which  cause  catalysis  do  in  some  way  take 
part  in  the  chemical  reaction  involved,  though  they  are  in  the  course  of  it 
always  brought  back  to  their  original  condition.  Platinum  black  absorbs 
800  times  its  volume  of  oxygen  from  the  air  and  in  virtue  thereof  is  a  most 
active  oxidizing  agent,  which  in  general  acts  catalytically,  because  the  black 
after  having  given  up  its  oxygen  to  the  oxidizable  substances  present,  at 
once  takes  up  another  supply  from  the  atmosphere.2 

Practical  Applications. — If  gaseous  sulphurous  anhydride  be  heated  to  a 
temperature  of  380°  C.  with  its  theoretical  volume  of  oxygen  (or  air)  and 
be  brought  into  intimate  contact  with  finely  divided  platinum,  ferric  oxide 
or  other  catalytic  material,  an  almost  complete  oxidation  to  sulphuric  anhy- 
dride  will  take  place,  providing  the  temperature  of  the  reaction  during  the 

1  Encyclopedia  Brltannlea,  9th  edition,  XXII,  C3C. 

aIbid,  XIX,  191. 
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contact  is  not  allowed  to  rise  to  the  point  of  dissociation.  From  400°  to  _ 
430°  the  reaction  remains  nearly  uniformly  quantitative,  a  comersion  of 
‘IS  to  99%  being  maintained.  Above  this,  decomposition  of  the  sulphuric 
anhydride  becomes  perceptible  and  at  700°  to  750°  the  conversion  is  only 
aboit  60%.  Between  900°  and  1000°  no  action  between  sulphur  dioxide 

and  oxvgen  can  be  detected. 

The  activity  of  the  catalytic  agent,  at  least  so  far  as  platinum  is  con¬ 
cerned.  seems  to  vary  directly  with  its  surface  exposed.  At  first  platinum 
wire  was  used,  afterward  platinum  sponge,  platinized  pumice,  platinized 
asbestos  (Winkler  patents)  and  finally  a  platinum  mass  consisting  o  a 
crystallized  double  salt  of  platinum  and  a  water-soluble  sulphate  (On  - 
breeder,  United  State,  patents  Nos.  036.924  and  036, 925, .  the  claim  of 
the  last  mentioned  process  being  “A  contact  body  for  use  m  catalytic  prer- 
cesses,  comprising  salt  crusts,  containing  a  platinum  salt  distributed through 
a  mass  of  one  or  more  of  the  other  soluble  salts  winch  serve  as  a  corner  or 
vehicle  therefor By  the  use  of  such  a  contact  substance  the  quantity  of 
platinum  required  for  the  process  has  been  reduced  to  less  than  one >  h  If  J 

that  necessary  when  platinized  asbestos  is  emp  oye  ,  Pr0  •  because 
cause  of  the 'extremely  fine  division  of  the  platinum  and  in  part  became 

the  associated  sulphate  of  itself  possesses  catalytic  proper  "  cata- 

E^ntial  Conditions. — In  the  production  of  sulphuric  anhydride  by^cata 

lysis  it  is  essential  that  the  mixture  of  air  an  su  p  rnrou. 
from  all  impurities  other  than  nitrogen.  Arsenic 

Sue  dust  especially  interfere  with  the  reaction  probaM,  ,n 

contact  mass  and  reducing  the  exposed  surface  o  ic  a  ^  weaken- 

the  Grillo-Schroeder  patents  it  is  claimed,  however,  la  lluriflcation  of 
ing  of  the  activity  of  the  contact  mass  by  any  carekssn«s  m  punfieat * 
the  gas,  the  contact  substance  because  of  its  comp  e  e  so 
regenerated  and  practically  without  loss  of  l>latl“'*"'’  (he  deTelopment  of 
Among  the  other  difficulties  encountered  on  gul  huric  anhvdride  is 

catalytic  processes  was  the  thermoclieimca  ® anhydride  and 
decomposed  at  a  certain  high  temperature  ‘  l  oxvgen  being 

oxygen,  and  the  combination 

itself  a  strongly  exothermic  reaction,  it  was  di  .  ,  . 

ture  within  the  narrow  limits  (vide  supra)  wherein  the  si  P  ‘  • 

produced  is  stable.  Inasmuch  as  the  combination  ^  com. 

peratures  the  mixture  of  gases  must  first  be  hea  e  i  proaUced 

bine,  and  tlie  heat  of  the  combination,  added  to  e  lni^  decomposed, 

go  high  a  temperature  that  the  sulphuric  anhydride  it^lf  aec  P 

1 F.  J.  Faldlng.  The  Mineral  Industry,  VIII.  5SS. 
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while  the  apparatus  in  which  the  combination  was  effected  was  destroyed 
rapidly  by  oxidation  and  the  contact  substance  was  deteriorated. 

The  thermo-chemical  difficulty  was  overcome  in  the  process  of  the  Badi- 
schen  Anilin  und  Soda  Fabrik  by  removing  the  excess  of  heat  from  tho 
contact  substance  and  the  apparatus  by  a  readily  controllable  means  of  ex¬ 
ternal  cooling.  Such  a  device  is  substantially  all  that  is  covered  in  the 
original  Badischen  patents. 

The  best  absorption  medium  for  the  sulphuric  anhydride  has  been  found 
to  be  acid  containing  97  to  98%  of  H2S04;  this  is  better  than  either  water 
or  acid  of  any  other  strength.  A  single  absorption  vessel  is  sufficient  for 
even  a  very  rapid  stream  of  gas,  if  the  strength  of  the  absorbing  medium 
be  kept  constant  by  the  regular  inflow  of  water  and  outflow  of  the  sulphuric 
acid  that  is  formed. 

Present  Development  of  Catalytic  Processes. — In  the  present  stage  of 
development  there  are  at  least  four  catalytic  processes  which  are  in  use  by 
various  concerns.  One  of  the  more  important  of  them  appears  to  be  the 
Grillo-Schroeder  process,  the  American  rights  to  which  have  been  acquired 
by  the  New  Jersey  Zinc  Co.  The  Mineral  Point  Zinc  Co.,  a  branch  of  the 
New  Jersey  Zinc  Co.,  is  now  actually  engaged  in  the  catalytic  manufacture 
of  sulphuric  acid  at  its  works  at  Mineral  Point,  Wis.  Other  concerns  in 
the  United  States  which  have  applied  the  catalytic  process  are  the  Dupont 
Powder  Co.,  Repauno  Chemical  Co.,  Forcite  Powder  Co.,  Peyton  Chemical 
M  orks  and  Harrison  Bros.  In  Europe  catalytic  sulphuric  acid  is  made  at 
the  zinc  works  at  Hamborn-Neunnihl,  Westphalia,  and  at  the  Lazyhiitte, 
Upper  Silesia,  besides  at  various  chemical  works  in  England,  France,  Ger¬ 
many,  Italy  and  Russia. 

F.  J.  Falding  in  The  Mineral  Industry,  VIII,  587,  stated  that  the  cost  of 
production  of  50°  B.  acid  bv  this  process,  compared  with  its  cost  when  made 
with  a  modern  set  of  chambers,  shows  a  fair  margin  of  profit  in  favor  of  the 
contact  process,  and  for  acids  above  G0°  B.  the  margin  increases  rapidly  with 
the  strength.  In  addition  to  these  advantages,  the  smaller  cost  of  plant  and 
less  ground  space  required,  are  decidedly  in  favor  of  the  contact  process. 
Moreover,  in  the  contact  process  the  same  plant  which  produces  50°  B- 
acid  can  with  very  slight  modification  be  made  to  produce  6G°  B.  acid,  or 
even  the  monohvdrate  itself  or  any  of  the  fuming  or  Nordhausen  acids  or 
the  actual  anhydride,  without  additional  labor  or  cost.  Three  of  the  con¬ 
cerns  which  are  promoting  catalytic  processes  are  obtaining  and  are  willing 
to  guarantee  a  total  yield  of  95  to  98%  of  the  sulphur  as  acid  which  is 
theoretically  possible. 

I.  Liitv  and  II.  H.  Niedenfiihr  consider,  however,  that  the  superiority 
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the  catalytic  process  has  not  yet  been  proved,  except  for  the  manufacture 
of  highly  concentrated  acid.  They  compute  that  the  chamber  process  with 
all  of° the  modern  improvements  can  be  made  to  produce  acid  of  50°  B.  at 
considerably  lower  cost  than  the  catalytic  process,  while  with  the  Kessler 
system  of  concentration  the  two  processes  are  about  on  equal  terms  in  the 
manufacture  of  66°  B.  acid.  In  making  the  higher  grades,  however,  the 
catalytic  process  is  decidedly  superior.1 


1  Preeminent  among  the  recent  contribu¬ 
tions  to  the  literature  of  the  present  deve  - 
opment  of  the  catalytic  process  is  the  pape 
by  Dr.  Rudolf  Knletsch,  himself  the  chle 
Inventor  of  the  Badlschen  method,  in  the 
Berlchte  der  Deutschen  Chemischen  Gesell- 
schaft,  XXXIV,  xvil.  4069  to  4115,  Dec.  .8, 
1901,  of  which  there  is  a  translation 
Mineral  Induttry,  X,  605  to  635.  Other 


valuable  papers  have  been  published  by  F. 
Liity  and  II.  U.  Niedenfiihr,  Zts.  f-  angew. 
Chem.,  XV,  xl.  242  to  257,  March  18,  1902 , 
Theo.  Meyer,  ibid.,  1901,  XIV,  1 1  Ij_p  <*ron. 
Revue  de  Chlmie  Industrlelle,  April,  1902 , 
and  Dr.  Steger,  Zts.  f.  d.  Berg.-  HUtten.-  u. 
Salinenwesen  im  ITeuss.  Staat#,  L,  ill,  o06 
to  530. 
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GENERAL  PRINCIPLES  OF  ZINC  DISTILLATION. 

The  zinc  in  an  ore  having  been  converted  into  oxide  by  calcination  or 
roasting,  the  recovery  of  the  metal  is  accomplished  by  virtue  of  the  fact 
that  the  oxide  is  reducible  by  carbon  or  carbon  monoxide,  or  both,  when 
heated  to  a  high  temperature.  The  precise  temperature  at  which  the  reduc¬ 
tion  takes  place  is  somewhat  uncertain.  According  to  0.  Boudouard, 
experiments  showed  a  slight  development  of  gas  at  800°  C.,  but  after  heating 
for  some  time  this  ceased  completely  and  a  regular  reaction  did  not  begin 
until  a  temperature  of  1125°  to  1150°  was  attained.1  E.  Prost  found  that 
the  reduction  of  pure  zinc  oxide  took  place  at  1075°  C.2  According  to  It.  C. 
Schuepphaus  the  reduction  begins  at  910°,  but  does  not  become  active  until 
a  considerably  higher  temperature  is  reached.3  Ilempcl  also  states  that 
reduction  begins  under  the  boiling  point  of  zinc  (920°). 4  Stahlschmidt,  in 
a  series  of  experiments  undertaken  at  the  instance  of  Robert  Ilascnclever  to 
investigate  the  causes  of  loss  of  zinc  in  blende  roasting,  found  5  that  zinc 
oxide  was  to  some  extent  reduced  when  a  stream  of  carbon  monoxide  was 
passed  over  it  at  “medium  red  heat,”  which  although  vague  and  doubtful  as 
to  the  color  determination  nevertheless  indicates  a  reduction  at  compara¬ 
tively  low  temperature.0  Irrespective  of  the  temperature  at  which  reduc¬ 
tion  may  begin,  however,  practically  a  temperature  of  about  1300°  C.  is 
required.  The  metal  is  reduced,  therefore,  in  the  form  of  vapor,  which  is 
subsequently  liquefied  by  cooling;  in  practice,  by  cooling  to  a  point  between 
415  C.  and  550°  C.  According  to  Hempel,  the  vapor  formed  by  the 
reduction  of  ZnO  in  a  blast  furnace  was  not  condensed  from  the  gases 
accompanying  it  until  the  temperature  had  fallen  below  470°  C.  Zinc 
silicate,  Zn2Si04,  or  2ZnO,  SiO,,  either  anhydrous  (willemite)  or  hydrated 

‘Ann.  de  Chim.  et  dc  Thys.,  (7),  XXIV,  *  Berg-  u.  niittenm.  Ztg.,  1893,  Nos.  41 
76-  and  42. 

1  Bull,  de  1’ Assoc.  Beige  des  Chlmtstes,  0  Ibid,  1875,  p.  69. 

X.  vl,  -46  to  263  I  Journ.  Soc.  C  hem.  Ind.,  •  Full  red  heat  corresponds  to  about  750° 

1896,  p.  813.  C. ;  light  red,  850“  C.  The  temperature  of 

•Journ.  Soc.  Chem.  Ind.,  Nov.  30,  1899,  1100“  C.  would  be  between  light  yellow  and 

p.  987.  wbite. 
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(hemimorphite)  is  reduced  by  carbon  like  zinc  oxide,  but  more  difficultly. 

^  Limitations  of  Zinc  Distillation.— Notwithstanding  the  simplicity  of  the 
distillation  process  in  theory  its  practical  execution  is  attended  by  so  many 
inherent  difficulties  that  developments  on  the  lines  that  have  been  followed 
in  the  metallurgy  of  lead  and  copper,  especially  the  introduction  of  furnaces 
of  large  capacity  and  labor  saving  appliances,  have  been  impossible,  and 
consequently  the  metallurgy  of  zinc  remains  to-day  essentially  the  same 
as  at  the  beginning.  Chief  among  these  difficulties  is  the  ease  with  wine  1 
zinc  vapor  can  be  oxidized  by  carbonic  dioxide  and  the  necessity  of  pro¬ 
ducing  a  gas  of  high  tenor  in  zinc;  this  limits  practically  the  vessels  in 
which  the  reduction  can  be  effected  to  retorts  or  muffles  of  comparatively 
small  capacity,  wherein  an  atmosphere  of  carbonic  monoxide  can  be  main¬ 
tained.  This  limitation  has  been  demonstrated  by  the  experience  of  nearly 
a  century.  All  of  the  numerous  attempts  to  carry  out  the  reduction  in 
reverberatory  and  blast  furnaces  have  failed.  The  former  give  only  zinc 
oxide,  while  the  gases  from  the  latter  are  so  dilute  that  the  zinc  distil  ed 
can  only  be  condensed  to  a  troublesome  powder.  In  practice  there  o  , 
zinc  oxide  is  mixed  with  fine  coal  and  heated  to  the  requisite  temperature 
in  cylindrical  or  muffle  shape  retorts,  from  which  the  zinc  vapor  is  I 
by  its  own  tension  and  condensed  in  pipes  protruding  rom  it 

Thermochemical  Consideration  of  the  Reactions  Between  Ztnc  Oxuie 
and  Carbon.— The  precise  reactions  which  take  place  m  the  re ■ 
known.  It  is  uncertain  whether  the  reduction  o  zinc  oxu  c  is 
carbon  or  carbon  monoxide,  and  if  the  former,  whether  one >  ™leculc io 
carbon  reduces  one  of  zinc  oxide  or  two.  The  reactions  vv  UC1  V 
together  with  the  number  of  heat  units  absorbed  by  each,  arc  as 

I.  ZnO+  C  =  Zn+CO. 

-86.000  +29.000  =-51.000. 

II.  2ZnO+  C  =2Zn+C02. 

-172,000  +97,000=  -75,000. 

III.  ZnO+CO=  Zn+CO  2 . 

-86,000  -29,000  +97,000  =  -18,000. 

IV.  C02  +  C  =2CO. 

—97,000  +  58,000  =  —  39,000. 

Each  of  the  above  equations  is  endothermic,  i.e.,  accompani  y 
sorption  of  heat,  and,  according  to  Berthelot’s  law,  wou  secon(j 

if  heat  external  to  the  chemical  system  were  not  app  R( . 
equation  absorbs  tbe  largest  quantity  of  heat  and  consequcn  ^ 

probable.  The  third  equation  absorbs  the  least  quantity  of  ^at  ^  the 
carbonic  anhydride  formed  by  it  is  reduced  by  glowing  car ) 
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monoxide,  which  is  one  of  the  fundamental  reactions  in  all  metal  In™  • 
and  that  reduction  is  accompanied  by  the  absorption  of  39,000  heat  unit/ 
so  that  the  net  result  is  the  same  as  in  equation  I. 

Roberts-Austen  suggests1  that  possibly  the  carbon  under  the  influence  of 
external  heat  loses  its  condensed  form  and  assumes  one  analogous  to  that 
in  which  it  exists  in  carbon  monoxide,  so  that  during  the  passage  from  the 
system  ZnO-{-C  to  Zn-f-CO  all  the  heat  is  absorbed.  The  part  played  by  the 
external  heat  is  two  fold :  It  furnishes  the  energy  necessary  to  depolymerize 
the  carbon,  i.e.,  simplifying  its  atomic  constitution  so  that  it  can  combine 
with  the  oxygen  of  the  C02  with  evolution  of  more  heat  than  from  carbon 
in  its  normal  condition,  and  it  may  also  modify  the  specific  heats  and  heats 
of  formation  of  the  bodies  in  presence  of  each  other;  while  dissociation 
of  carbonic  dioxide,  setting  free  oxygen  in  a  specially  favorable  con¬ 
dition  to  combine  with  the  carbon  and  so  form  carbon  monoxide,  may  also 
play  an  important  part.  Depolymerization  of  the  carbon  may  put  it  into 
such  a  molecular  condition  that  the  heat  of  formation  of  carbonic  dioxide 
from  it  is  117,000  instead  of  97,000;  this  is  not  an  extravagant  supposition 
since  it  has  been  estimated  that  if  carbon  could  be  burned  in  the  gaseous 

state  the  heat  of  formation  of  carbonic  dioxide  would  lie  not  less  than 
130,000  calories. 


Referring  especially  to  reactions  II  and  III,  the  passage  from  one  to  the 
other  may  be  effected  by  the  presence  of  even  a  minute  quantity  of  air 
entangled  in  the  mixture  of  ore  and  carbon  in  the  retort.  First,  the 
ox \  gm  in  the  aii  may  form  with  the  carbon  some  carbonic  dioxide  and  then 
.  omi,  carbonic  monoxide,  which  reacts  on  the  oxide  of  zinc.  The  carbonic 

<  ioxi<  e,  which  is  the  product  of  this  reaction,  is  again  converted  by  the 
excess  of  carbon  present  into  carbonic  monoxide.  The  carbonic  dioxide 
}  u  (  s  c  ouble  its  volume  of  carbonic  monoxide;  hence  the  accumulation  of 

U  r  is  ur\  rapid,  even  though  its  production  originated  from  only  a 
race  o  air.  A  state  of  equilibrium  between  the  zinc  oxide  and  carbonic 

<  ioxk  e  i  oes  not  become  established,  because  carbonic  dioxide  is  dissociated 
at  the  high  temperature  which  exists. 

Chemists  lia\e  differed  as  to  whether  the  reduction  is  effected  by  carbon, 
or  carbon  monoxide,  or  both.  It  used  to  be  held  that  it  could  not  be  done 
\  le  monoxK  e,  mt  Boudouard  after  a  series  of  experiments  concluded 
that  carbon  does  not  act  directly  on  zinc  oxide,  but  is  transformed  into 
monoxK  t,  w  ie  i  e  octs  the  reduction.2  Stahlschmidt  in  experiments  pre¬ 
viously  referred  to  found  that  monoxide  passed  over  zinc  oxide  reduced 


*AMn  drSTm^otdV nX  T-)MxxivK?cI'ondon’  4th  Edltlon’ 1898,  p-  34a 
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,,  vfofb  he  condensed.  This  subject  has  been  studied  recently  from  a 
Xg^al-ehemical  standpoint  by  G.  Bodlander  in  a  remarkable  paper,  in 
hich  be  analyzes  various  reduction  reactions,  including  that  of  zinc  oxide.1 
«  states  that  the  heats  of  formation  do  not  vary  significantly  at  the  high 
lanneratnre  at  which  this  reaction  takes  place,  the  reduction  of  zinc  oxide 
Z  arbon,  with  formation  of  carbon  monoxide,  still  requiring  55,500  calories 
at  1000°  C.  Inasmuch  as  the  reaction  takes  place,  the  free  energy  w,  ic 
disappears  in  the  formation  of  the  carbon  monoxide  must  be  greater  tnan 
in  th!?ormation  of  zinc  oxide.  At  absolute  zero,  where  the  heat  ot  forma¬ 
te  and  the  energy  of  formation  are  the  same,  the  fom.anoo  cncrgy  o  ouc 
oxide  is  three  times  as  great  as  that  of  carbon  monoxide.  With  mc«aeo 
temperature  this  relation  changes,  the  formation  energr  of  the  cate. 
monoxide  increasing  while  that  of  zinc  oxide  decreases :  a  the  po 
they  are  equal  the  reaction  takes  place.  In  chemical  react  s 

as  measured  in  heat  units  is  capable  of  fK.rfornuog  heuutal  w  b 

some  is  consumed  in  performing  certain  physical  work  and the *£•«£** 
to  perform  chemical  work  is  what  is  left  after  he  physiea 1™**  ■ don- 
Calculations  based  on  the  heats  of  formation  alone  show  1  ^  ^ 

discrepancies  between  theory  and  practice  that  t  <->  a  energiffi  is 

credit;  and  it  is  now  recognized  that  a  consideration  of  the  free  enere 

^“^“■Laheat  of  formation .and 
energy  of  85,800  calories.  If  it  ^mtamed  tto  0^1^  monoxide>  or  by 
temperatures  it  could  not  be  reduced  ei  m)uctioI1  bv  carbon  with 

carbon  with  the  formation  of  dioxide.  In  wouia  be  requi- 

the  formation  of  monoxide  a  temperature  of  a  >ou  reduced  by 

rite.  Boudouard  found,  however,  that  zinc  oxide  th°  ^123oC therefore, 
carbon  at  1100°  C.  is  perceptibly  reduced  at  11  ^  L  ^  m<moxi(Je  must  be 
the  fonnation  energy7  of  zinc  oxide  and  tha  *  ^  ordinary  temper- 

equal,  the  value  by  computation  being  _^rl°V0 rje<, 

ature  the  formation  energ}’  of  zinc  oxide  is  iG,So  ca  o  as  the  con- 

Zinc  oxide  can  only  be  reduced  by  carbon  bon  mon0xide  would 

centration  of  the  carbon  dioxide  is  very  small.  •  tenor  of  the  gas 

act  redueingly  at  1000°  C.  until  the  «■*«  be  oxidized.  At 

amounted  to  0-1%.  With  higher  tenor  of  t  U2  0*76%.  The 

1125°  C.  the  CO.  may  amount  to  and 1  a^  0^ant  part  in  the 

conversion  of  carbon  into  monoxide  has  ti  carbon  dioxide  appears 

reduction,  as  technical  experience  shows.  Besi  e»  1  •  c  ^  a;0xide  bv  carbon 
in  amounts  under  1%.  Because  of  the  reduction  o  u 

1  Zts.  f.  Elektroebemie,  VIII.  xllv’  833  t0  8 4 
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the  proportion  is  never  attained,  at  tlxe  high  temperatures,  which  would  be 
capable  of  existing  with  the  zinc.  This  is  to  say  that  zinc  oxide  is  reducible 
by  carbon  with  the  formation  of  carbon  monoxide  at  the  temperature  of 
1125°  C.,  as  determined  by  Boudouard,  and  that  the  carbon  monoxide  mav 
further  reduce  zinc  oxide  if  the  carbon  dioxide  which  arises  from  that 
reaction  be  reduced  again  by  carbon  to  the  degree  that  the  percentage  of  the 
dioxide  does  not  exceed  a  certain  limit,  depending  on  the  temperature. 

Necessity  for  Solid  Carbon  in  Effecting  Reduction  of  Zinc  Oxide. _ 

Irrespective  of  theoretical  considerations,  both  experience  and  experiment 
demonstrate  that  not  only  is  solid  carbon  necessary  in  the  retort,  but  also 
an  intimate  mixture  of  it  with  the  ore  is  requisite,  and  the  more  perfect 
the  mixture  the  better  the  result.  A  series  of  experiments  to  determine  this 
point  was  once  made  at  the  Wilhelminehutte  (Upper  Silesia),  with  very 
instructive  results.  In  these  the  ore  to  be  reduced  and  the  reducing  aircnt 
were  charged  into  a  muffle  in  different  layers,  separated  by  pieces  of  lime. 
The  zinc  oxide  and  carbon  were  not,  therefore,  in  contact.  The  yield  of  zinc 
obtained  from  the  muffles  thus  charged  was  so  small  that  all  could  be 
attributed  to  the  reducing  action  of  carbureted  hydrogen  in  the  carbon¬ 
aceous  material.  Concerning  these  experiments  the  following  was  written: 

“On  the  other  hand,  the  remaining  possibility  that  it  is  chiefly  the  solid 
carbon  which  reduces  the  zinc  oxide  is  itself  a  great  riddle.  Solid  bodies 
can  act  chemically  on  one  another  only  by  direct  contact,  and  it  is  incon¬ 
ceivable  that  the  zinc  reduction  process  can  be  carried  out  in  the  retort  in 
that  manner  so  completely  as  it  is  really  done.  We  can  not  imagine  how 
every  atom  of  zinc  oxide  in  a  piece  of  zinc  ore  can  come  in  contact  with  an 
atom  of  solid  carbon.  Whether  the  active  molecular  movement  of  the 
glowing  fragments  of  ore  and  carbon  play  a  part  in  this,  or  whether  at  the 
temperature  prevailing  in  the  retort  there  is  formed  a  lower  oxide  of  car¬ 
bon  (a  compound  of  carbon  and  carbon  monoxide)  must  remain  undeter¬ 
mined.  It  has  been  proved,  however,  by  many  experiments  and  the  results 
of  actual  practice  that  as  intimate  a  mixture  of  ore  and  carbon  as  possible 
is  desirable;  if  the  ore  be  too  coarse  or  if  the  charge  be  not  well  mixed  the 
yield  of  zinc  falls  off.  The  ore  and  reducing  material  must  not  be  too  fine, 
however,  else  the  charge  in  the  retort  will  be  too  dense  and  the  gases  de¬ 
veloped  will  not  have  the  necessary  freedom  to  escape.”1 

Theoretical  Consumption  of  Coal  in  Zinc  Distillation . — If  the  reduction 
of  zinc  oxide  takes  place  according  to  the  reaction 

ZnO+C=Zn+CO, 

1  Denkschrlft  zur  Feier  des  fiinfzIgjUhrl-  Georg  von  Giesche’s  Erben  getaftrenden 
gen  Bestehens  der  Bcrgwerksgcsellscliaft  Wilhclmine-Zinkhiitte  zu  Sclioppinitz,  p.  25. 
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which  requires  57,000  heat  units  (gram-ealories),  for  the  production  of  G5 
k  of  Zinc  there  arc  required  theoretically  only  57,000  calories,  or  877  per 
corresponding  to  0*10!)  kg.  of  pure  carbon  and  0-125  kg.  of  coal  of  7000 
calories  heat  value.  This  refers  only  to  the  heating  coal  from  which  the 
extraneous  energy  required  to  effect  the  reaction  must  be  derived.  If  the 
highest  grade  of  ore  that  can  be  produced  commercially  (assaying  75%  Zn 
after  Toasting)  were  to  be  distilled  with  a  consumption  of  one  ton  of  heat¬ 
ing  coal  per  ton  of  ore  and  a  yield  of  90%  of  its  zinc,  which  are  approxi¬ 
mately  the  maximum  results  that  can  be  expected  from  the  present  best 
practice,  the  consumption  of  coal  would  be  about  1-5  kg.  per  kilogram  o 
spelter  produced,  or  about  12  times  the  theoretical  quantity.  1  ractical  y, 
the  consumption  of  coal  is  greatly  in  excess  of  that  ratio.  Theoretically 
1  kg.  of  roasted  ore  containing  75%  Zn  should  require  only  0-1. 5b  kg.  ot 
carbon  as  reduction  material ;  in  practice  about  kg.  would  be  u  * 

The  above  estimate  is  presented  merely  as  an  illustration  ot  the  grea 
difference  between  the  actual  consumption  of  heating  coal  am  tn 
is  theoretically  required.  In  reality  more  heat  is  calkd  or  t  u.ore  y 

than  what  is  needed  to  effect  the  simple  reduction  of  zinc  oxn  e. 
oxide  and  ferric  oxide  present  in  the  charge  must  albO  c  n<  ucc<  an 
other  endothermic  reactions  must  be  effected;  the  iiuii  ean_,m,  t  , 
and  excess  of  coal  must  be  raised  to  the  temperature  o  tie  urnacc ,  a 
ing  a  certain  quantity  of  heat,  which  is  lost  when  the  incan  esetn  ics 
is  drawn  out  of  the  retort;  moisture  and  volatile  matter  m  t  u  coa  m 
be  expelled ;  and  a  further  quantity  of  heat  is  absorbed  an  run  <  rc  a 
in  the  zinc  vapor.  In  order  to  compute  the  actual  thcore  ica  requireme 
of  heat  it  would  be  necessary  to  take  account  of  all  the  a  iou  i  oins, 
even  then  there  would  be  a  large  difference  between  it  an  |a 
furnished  by  the  combustion  of  the  heating  coal  in  the  be  st  pi  ae  u 
What  then  becomes  of  the  difference?  The  most  part  o  i  1S  os 
products  of  combustion  escaping  to  the  chimney,  whit  i  mu.  ea 
furnace  at  nearly  the  maximum  temperature  attained  m  h  a  cr’ 
loss  is  reduced  in  so  far  as  heat  is  recuperated  from  the  was  c  ^ascs, 
is  large  even  under  the  most  favorable  conditions.  The  nix  ai^t. 
of  loss  is  suffered  through  radiation  from  the  furnace,  t  c  arpc 
of  the  latter  and  its  necessarily  thin  front  walls  tending  to  promo  e 
dispersion  of  heat  into  the  surrounding  atmosphere;  this  oss  can  >e 
duced  only  bv  increasing  the  thickness  of  the  end  wall*  and  cspecia 
of  the  roof  arch  so  long  as  the  present  form  of  furnaces  must  be  adhere  . 

Composition  of  Retort  Gases. — The  facts,  then,  which  are  mown  (c 
initcly  as  to  the  reactions  in  the  retort  are :  (1)  an  intimate  mix  ure  o  i 
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ore  and  coal  is  necessary;  (2)  an  atmosphere  of  carbon  monoxide  must  be 
preserved  in  the  retorts;  and  (3)  the  gases  escaping  from  the  retorts  during 
distillation  actually  consist  chiefly  of  carbon  monoxide.  The  last  is  illus^ 
trated  by  analyses  of  the  retort  gases  at  Letmatlie,  Westphalia,  as  follows:1 


Constituents. 

I 

II 

Ill 

IV 

1 

V 

VI 

Carbon  dioxide ...... 

Carbon  monoxide. . . . 

Hydrogen . 

Nitrogen . 

Methane . 

15.58% 

3S.52 

41.70 

Trace 

4.17 

0.48% 

undet. 

5.32 

undet. 

1.06% 

92.10 

1.83 

1.01 

0.11% 

97.12 

.undet. 

0.41 

1.10% 

undet. 

undet. 

undet. 

0.82% 

98.04 

0.72 

Trace 

The  first  sample  was  taken  before  the  beginning  of  the  distillation  and  the 
last  just  before  the  end.  The  methane  and  in  part  also  the  hydrogen  of  the 
first  sample  resulted  from  the  gasification  of  the  lean  stone  coal  used  as 
reducing  agent ;  another  part  of  the  hydrogen  resulted  from  the  decom¬ 
position  by  the  glowing  coal  of  the  aqueous  vapor  from  the  ore.  From  this 
decomposition  comes  also  a  part  of  the  carbonic  monoxide  and  dioxide, 
while  a  part  comes,  moreover,  from  the  oxidation  of  the  coal  by  air  re¬ 
maining  in  the  retort  after  the  latter  is  charged.  Analyses  of  the  retort 
gases  during  distillation  at  the  Munsterbusch  works,  Stolberg,  showed: 


co2 

CO 

H 

N 

I. 

II. 

0  09% 
o-ii 

95*36% 

97*42 

3*72% 

1*20 

0.61% 

0*92 

Ad.  Firket  reports  the  following  analyses  of  the  gas  issuiug  from  the 
condensers  at  a  Belgian  works: 


15  min. 

after 

charging. 

Immediately 
before  putting 
on  the  prolongs. 

3  h,  after 
nutting  on 
the  prolongs. 

6  h.  after 
nutting  on 
the  prolongs 

CO, . 

CO . 

so, . 

o . 

N . 

H . 

CHj  .... 

c.rf4... 

H*0  .... 

1300% 

nil 

0*15 

8*00 

I 

•  78*85 

25.00% 

13.00 

0.02 

1.00 

60.9S 

2.00% 

48.00 

nil 

2.50 

47.50 

0.70% 

90.00 

nil 

9.00 

0.30 

The  percentage  of  CO  continues  to  increase  up  to  97  or  98%. 
of  CO.  Incomes  insignificant  and  oxygen  ceases  to  appear.2 


w  ii  m* 


'Dinar’s  Polytech.  Journ.,  CCXXXVII, 
300:  Berg  u.  HiUtenm.  Ztg.,  1880,  p.  371; 


Wagner's  Jahresberlcht,  18S0.  p.  18& 
*  Annales  dcs  Mine?,  do  Belgique,  VI*  i* 
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Formation  of  Blue  Powder. — Unfortunately,  all  of  the  zinc  vapor  issuing 
from  the  retort  is  not  condensed  as  liquid,  a  part  of  it  passing  directly  to 
the  solid  state  in  the  form  of  a  very  finely  divided,  bluish  powder.  The 
proportion  of  the  latter,  in  good  practice,  varies  from  5  to  10%  of  all  the 
spelter  produced.  The  tendency  toward  the  formation  of  blue  powder  is 
greatest  when  the  condensers  are  comparatively  cold  and  the  gas  is  dilute; 
hence  it  forms  especially  at  the  beginning  of  the  distillation.  When  pro¬ 
longs  are  used  on  the  condensers  an  additional  quantity  of  zinc  is  recovered, 
entirely  in  the  form  of  blue  powder,  inasmuch  as  the  cooling  of  the  vapor 
in  them  is  very  rapid  and  to  a  relatively  very  low  temperature.  The  blue 
powder  is  a  troublesome  between-product  or  by-product,  according  as  to 
whether  it  must  be  resmelted  or  can  be  marketed  after  a  further 
preparation. 

There  is  invariably  a  considerable  percentage  of  zinc  oxide  mixed  with 
the  blue  powder,  which  is  due  more  or  less  to  oxidation  of  zinc  by  aqueous 
vapor  or  carbon  dioxide.  This  happens  especially  at  the  beginning  of  the 
distillation.  According  to  Lencauchez's  investigations,  zinc  is  oxidized  by 
C02  at  a  comparatively  low  temperature  and  more  rapidly  with  increase 
in  temperature.  The  more  slowly  the  distillation  is  performed  and  the 
more  gradual  the  cooling  of  the  zinc  vapor,  the  greater  is  the  formation  of 
zinc  oxide;  rapid  distillation  and  quick  condensation  of  the  zinc  diminish 
the  percentage  of  oxide.  The  oxidizing  effect  of  carbon  dioxide  on  zinc 
vapor  is  manifested  when  gases  of  combustion  find  entrance  into  the  retorts 
through  rents  in  the  latter.  In  general  the  blue  powder  collected  in  dis¬ 
tillation  contains  about  10%  ZnO. 

Comparative  Reducibility  of  Zinc  Oxide  Produced  in  Different  Ways.— 
Zinc  oxide  produced  in  various  ways  differs  as  to  its  reducibility  by  carbon 
and  carbon  monoxide.  According  to  von  Ilauer,  zinc  oxide  precipitated 
from  solutions  is  reduced  more  quickly,  at  a  lower  temperature  and  more 
completely  than  calcined  zinc  carbonate  ore.1  Of  the  natural  ores,  the 
calcined  carbonates  are  the  most  easily  reduced.  Zinc  oxide  produced 
bv  the  roasting  of  blende  requires  a  higher  temperature.  It  is  ob¬ 
served  also  that  the  more  roasted  blende  there  is  in  a  charge 
for  distillation  the  more  reduction  coal  is  needed,  and  that  there 
is  a  difference  in  the  reducibilitv  of  zinc  oxide  obtained  from  various 
blondes.  The  scientific  reasons  for  these  phenomena  are  unknown.  Tlnr<. 
have  been  no  pyrometrie  investigations  of  the  subject,  which  pnsints  to 
chemists  and  metallurgists  an  interesting  line  of  work.  It  may  be  r«. 
marked  that  a  similar  variation  in  the  reducibility  of  iron  ores  has  betn 

1  Kerl,  Grundriss  dor  Metallhiittenkunde,  p.  44*>. 
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2CaO,  SOs+Zn-f*4C=CaaS4-ZnS-|-4COl, 

or  possibly  1 

CaS+ZnO=ZnS-J-OaO. 

Barium  sulphate  was  supposed  to  play  the  same  part  as  calcium  sulphate. 
Recently  Prost  has  shown2 * 4  experimentally  that  at  1200°  to  1250°  C.  calcium 
sulphate  exerts  no  retarding  influence  on  the  reduction  of  zinc  oxide,  not 
even  in  presence  of  lead  and  iron  silicates,  which  might  convert  reduced 
calcium  sulphide  to  silicate  and  facilitate  the  formation  of  zinc  sulphide. 
It  is  fair  to  presume  that  barium  sulphate  is  equally  harmless.8  On  the 
other  hand  magnesium  sulphate,  which  at  high  temperature  is  decomposed 
by  carbon  into  magnesia  and  sulphurous  anhydride,  favors  the  production 
of  zinc  sulphide. 

E.  Landsberg  proposed,  20  years  ago,  to  roast  blende  partially  and  then 
to  reduce  in  the  retort  with  the  admixture  of  lime,  the  following  miction 
being  sup[K>sed  to  take  place: 

ZnO+ZnS+CaO+C=2Zn+CaS+COs, 

but  the  idea  does  not  appear  to  have  had  any  practical  application.*  Accord¬ 
ing  to  II.  M.  Taquet6  zinc  sulphate  is  reduced  by  calcium  oxide  and  carbon, 
calcium  sulphide  being  formed  according  to  the  following  reaction : 

ZnS04+Ca0+5C=Zn+CaS+5C0. 


Professor  Prost,  whose  experimental  work  in  zinc  distillation  has  boon 
of  the  highest  importance,  recently  made  some  interesting  investigations  at 
a  Belgian  smeltery  on  the  influence  of  the  degree  of  desulphurization  of 
blende  upon  the  yield  of  zinc  in  distillation.0  Two  ores  of  essentially  dif¬ 
ferent  character,  one  plumbiferous,  the  other  ferruginous,  were  selected  for 
investigation.  Their  compositions  before  and  after  roasting  were  as  fol- 
loivs  : 


PlumbiferouH . 

Before  roasting. . 

After  roasting .  . 

Ferruginous . 

Before  roasting. . 
After  roasting  .  . 


Zn 

Pb 

Fe 

CaO 

Mg< ) 

SiO, 

8 

49*0% 

10*0% 

1*1% 

0*5% 

0*4  % 

1'2& 

190% 

60*0 

11*0 

1*5 

0*6 

0*5 

1*5 

|  2  00 

1  225 

36*0 

4*0 

15*0 

0*9 

0*6 

5*0 

300 

42*5 

4*7 

18*0 

PI 

0*7 

6*0 

20 

1  lverl,  Grundrlss  dor  MetnllhiUtcnkundo, 
p.  431. 

*  Loc.  clt. 

*  For  ft  fuller  discussion  of  this  subject, 
refer  to  p.  33. 

4  l$erft-  u.  IlUttemn.  Ztg.,  1870,  p.  104; 


Them.  Ztg..  1879,  p.  3;  Gorman  patent.  N°- 
23,280. 

4  German  patent,  No.  137,004,  March 
1901. 

0  Rev.  1’nlvern.  den  Mines,  XLIX,  1R> 
247.  March.  1000. 


GENERAL  PRINCIPLES  OF  ZINC  DISTILLATION. 


209 


Experiments  were  made  with  the  ore  completely  roasted  and  incom- 
pie tely  roasted.  1  he  roasted  ores  gave  the  following  results  upon  chemL”l 
analysis:  1  Ctli 


Plumbiferous  ore 
roasted. 

Ferruginous  ore 
roasted. 

Completely. 

Incompletely. 

Completely. 

Incompletely. 

Total  sulphur . 

S  as  sulphates  sol.  in  H2G.. 

Zn  as  ZnS04fsol.  in  HaO..  .. 

('a  “  CaSO«, . .  , 

Mg  “  MgS04,  “  “ 

SasPbS04,  sol.  in  ammon.  tartrate.  . 

S  existing  in  other  forms.  .  . 

2*10% 
0*43 
*  0*45 

0*52 

0*10 

1*34 

0*33 

5*33% 
0*50  * 

0*32 

0*63 

0*12 

0*31 

4*52 

2*91% 

1*28 

1*12 

1*14 

0*27 

0*72 

0*91 

7*73% 

0*87 

0*63 

1*06 

0*18 

0*36 

6*50 

n  the  ease  of  the  ferruginous  ore  the  rise  in  the  percentages  of  sulphates 
at  the  end  of  the  roasting  is  noteworthy.  This  was  attributed  to  the  forma¬ 
tion  of  S03  at  the  expense  of  the  undecomposed  sulphides  in  the  last  sta^e 
01  the  process.  G 

The  reduction  tests  were  made  with  125  kg.  of  each  kind  of  ore.  The 
dead  roasted  samples  were  mixed  with  85  kg.  of  lean  eoal;  the  partially 
roasted  with  75  kg.  The  samples  of  each  pair  were  charged  in  alternate 
retorts  of  the  same  row  in  the  furnace.  They  were  therefore  subjected  to 
1  entical  conditions.  The  distillation  lasted  24  hours,  the  retorts  being 
andled  along  with  those  of  the  furnace  which  contained  the  regular  works 

c  ar£e>  ^t  the  residues  after  distillation  were  carefully  kept  separate.  The 
results  were  as  follows : 


O 

Q, 

s 


Kg.  ore  charged. 

Kg.  coal  charged. 

Weight  of 
residues  kg. 

Zinc  in  ore 
charged. 

Zinc  in 
residues. 

Iron  in 
residues. 

Sulphur  in 
residues. 

Sulph  r  n  ore 
charged. 

Percentage  of 
total  zinc  re¬ 
tained  by  resi¬ 
dues. 

125 

lor 

85 

08*50 

59*28% 

1*46% 

5*06% 

3*70% 

2*10% 

1*35% 

12o 

75 

78*70 

58*97 

6*92 

5*90 

8*02 

5*43 

7*38 

125 

85 

73*35 

44*87 

0*73 

24*20 

4*07 

2*91 

0*95 

J!!  1 

75 

92*60 

43*10 

3*90 

19*10 

8*26 

7*73 

6*70 

umbiferoua  blende,  completely  roasted;  II.  do.,  incompletely  roasted;  III.  ferruginous  blende 
completely  roasted;  IV.  do.,  incompletely  roasted. 


^*e  a^ove  results  demonstrate  that  too  much  care  cannot  be  exercised  in 
g  the  desulphurization  of  blende.  However,  in  comparing  the  re- 

ro  S  0^a^e(^  with  the  partially  roasted  plumbiferous  ore  and  the  partially 
°asted  ferruginous  ore,  taking  into  account  the  difference  in  their  tenors  of 
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sulphur,  it  appears  that  the  loss  is  less  important  in  the  case  of  the  fer¬ 
ruginous  mineral  than  in  that  of  the  plumbiferous.  This  is  due  without 
doubt  to  the  decomposition  of  zinc  sulphide  by  iron.  The  tenor  of  zinc, 
namely  3-9%,  in  the  residue  from  the  distillation  charge  of  incompletely 
roasted  ferruginous  ore  is  high  compared  with  the  tenor  of  the  residue  from 
the  completely  roasted  ore,  but  nevertheless  it  does  not  exceed  the  tenor  of 
zinc  in  the  ashes  of  mixed  ores  which  are  regularly  smelted  at  Belgian  works. 
Frost  raises  the  question  whether  the  zinc  sulphide  existing  in  the  retort 
residues  is  not  due  to  physical  causes  rather  than  to  chemical,  pointing  out 
that  although  zinc  sulphide  is  difficultly  reducible  by  carbon,  nevertheless 
it  is  reduced  at  the  temperature  prevailing  in  the  distillation  furnace,  and 
although  the  reaction  may  be  very  slow  it  must  be  remembered  that  the  ore 
remains  24  hours  in  the  retorts  and  during  that  time  is  subjected  to  an  ex¬ 
tremely  elevated  temperature.  He  ventures  the  theory  that  the  incompletely 
roasted  ore  contained  relatively  large  particles  of  undecomposed  sulphide, 
which  because  of  insufficiently  intimate  contact  with  the  carbon  in  the  retort 
escaped  its  reducing  action,  whereas  if  the  ore  had  remained  longer  in  the 
roasting  furnace,  these  large  particles  would  have  perhaps  been  decomposed. 

Iron  and  Manganese. — Iron  occurs  usually  in  calcined  and  roasted  zinc 
ores  in  the  form  of  ferric  oxide.  As  sulphide  it  ought  never  to  be 
present,  since  iron  sulphide  is  oxidized  more  easily  than  zinc 
sulphide  and  the  total  sulphur  in  the  roasted  ore  being  probably  less  than 
1%  this  would  naturally  be  assumed  to  be  chiefly  in  combination  with 
zinc,  although  Jensch  stated1  that  he  found  that  the  sulphur  remaining  in 
a  roasted  ferruginous  blende  was  present  as  iron  sulphide.  Iron  monosul- 
pliide,  if  present  in  the  retort,  would  simply  be  melted,  in  which  form  it 
would  have  a  highly  corrosive  action  on  the  retort,  like  the  same  substance 
originating  from  the  decomposition  of  zinc  sulphide  by  iron.  Ferric  oxide  is 
reduced  to  ferrous  oxide,  which  combines  with  silica  or  acid  silicates  in  the 
ore  and  other  bases,  e.g.,  lime,  forming  fusible  slags.  Where  these  basic 
slags  come  in  contact  with  the  walls  of  the  retort,  they  combine  with  the 
aluminum  silicate  and  free  silica  and  gradually  eat  through  them ;  destruc¬ 
tion  of  retorts  signifies  not  only  loss  of  their  value,  but  also  loss  of  zinc. 
The  formation  of  fusible  slags  is  objectionable,  moreover,  because  they  en¬ 
velop  particles  of  zinc  oxide  which  is  thus  removed  from  direct  contact  with 
the  reducing  agent  and  consequently  escapes  reduction.  A  similar  loss  may 
result  from  the  actual  scorification  of  zinc  oxide  as  silicate  in  very  ferru¬ 
ginous  slags,  such  slags  having  the  capacity  of  taking  as  much  as  20%  zinc 
oxide  into  their  composition  and  still  remaining  fluid:  the  more  lime  and 

1  Berg-  u.  Htlttenm.  Ztg.,  1894,  p.  299. 
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the  less  iron  there  is  in  the  slag,  however,  the  less  is  the  tendency  of  zinc 
to  enter  it.  Zinc  silicate  is  reducible  by  carbon,  but  direct  contact  is  neces¬ 
sary,  and  its  formation  in  the  retort  charge  would  be  apt  to  separate  it  from 
the  carbon,  especially  if  the  original  mixture  were  not  as  intimate  as  it 
ought  to  have  been.  Iron  is  consequently  a  highly  injurious  impurity  in  a 
zinc  ore  and  it  is  desirable  always  to  reduce  the  percentage  of  it  so  far  as 
practicable  in  the  preliminary  dressing.  Manganese  behaves  in  a  precisely 
similar  manner,  but  the  manganifcrous  slags  are  if  anything  more  liquid  and 
corrosive  than  those  which  are  only  ferruginous.  With  good  retorts  and  a 
judicious  compounding  of  the  charge  a  tenor  of  10%  Fe+Mn  may  be  per¬ 
mitted  without  fear  of  disastrous  results.  Some  Belgian  smelters  regularly 
work  charges  with  that  percentage,  and  at  certain  places  ores  even  higher  in 
iron  are  reduced.  In  the  United  States,  the  New  Jersey  and  Pennsylvania 
smelters  used  to  treat  an  ore  with  about  10%  Fe+Mn,  but  the  Western 
smelters  have  never  tolerated  anything  like  that. 

Of  all  the  impurities  that  occur  in  zinc  ores,  sulphur  combined  with  iron, 
or  in  such  form  that  a  combination  with  iron  may  effect  itself  in  the  retort, 
is  probably  the  worst.  "When  the  ore  is  very  ferruginous  and  at  the  same 
time  contains  2  to  3%  S,  it  may  be  expected  that  the  smelting  will  give  bad 
results  and  a  large  consumption  of  retorts.” 1  The  important  reaction  by 
which  ferrous  sulphide  reduces  the  infusible  sesquioxide  of  iron  to  the  slag 
forming  protoxide  is  sliowm  by  the  following  equation : 

FeS+3Fe203+7Si02=7Fe0,Si02+S02. 

Lead. — Lead  may  be  present  in  the  ore  as  sulphide,  sulphate,  oxide  and 
silicate.  If  the  ore  be  a  roasted  sulphide  the  major  part  of  the  lead  will  be 
111  the  form  of  sulphate  (vide  p.  32  and  p.  209)  and  silicate.  At  the  tempera- 
ture  which  exists  in  the  retort,  lead  sulphate  may  undergo  numerous 
reactions.  It  may  be  decomposed  by  silica  with  the  formation  of  lead  silicate 
and  sulphurous  anhydride.  It  may  be  reduced  by  carbon  to  sulphide  and 
^  e  latter  may  react  with  another  portion  of  sulphate  to  form  metallic  lead, 
nr  it  may  be  decomposed  by  either  iron  or  lime  with  the  formation  of  metallic 
1  ad.  Lead  silicate  is  reduced  partially  by  carbon  and  is  decomposed  by 
sT*1  an^  ^errous  oxide  and  to  some  extent  by  ferrous  sulphide.  Free  lead 
lfa(°  acts  corrosively  on  the  retorts,  as  do  also  the  fluid  slags  formed 
'rough  its  decomposition,  which  have  the  drawback  also  of  enveloping 
^  ides  of  zinc  oxide  and  thus  preventing  their  reduction.  Lead  oxide  is 
educed  by  carbon.  The  lead  reduced  in  these  various  ways  is 
y  volatilized  and  condensed  with  the  zinc,  contaminating  the  latter, 

1  De  Sincay,  The  Mineral  Industry,  VIII,  657. 
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and  partly  remains  in  the  retort  residues,  whence  it  may  be  recovered  as 
metallic  shot  or  prills;  the  amount  of  lead  condensed  with  the  zinc  is  not 
apt  to  exceed  3%  of  the  weight  of  the  latter,  and  the  more  part  of  the  lead 
in  the  ore  remains  behind  in  the  retort  residue,  from  which  it  may  be  par¬ 
tially  recovered  by  jigging. 

Lead  was  formerly  thought  to  be  a  more  objectionable  element  in  the 
retort  than  it  is  nowadays.  One  metallurgist  wrote  in  1880 :  “The  influence 
of  lead  in  any  state  is  bad,  the  silicate  formed  thereby  being  very  corrosive, 
while  a  large  proportion  of  the  metal  passes  into  the  spelter  of  which  the 
quality  is  injured.  More  than  2  %  lead  should  not  be  tolerated  in  a  cala¬ 
mine  and  a  penalty  of  $1  per  unit  per  ton  of  ore  should  be  inflicted  for  any 
excess  over  that  limit.”  Experience  has  proved,  however,  that  with  modern, 
well-made  retorts  there  is  not  much  danger  to  the  latter  from  lead,  and  the 
degree  of  contamination  of  the  spelter  can  be  to  a  large  extent  controlled. 

At  the  Wilhelmineh iitte  (at  Schoppinitz),  Upper  Silesia,  one  side  of  a 
furnace  was  charged  regularly  with  calcined  calamine,  which  averaged  10% 
Pb  (originally  in  the  form  of  cerussite),  but  occasionally  contained  as  much 
as  25%,  while  the  other  side  of  the  furnace  was  run  on  ordinary  ore.  The 
result  did  not  show  any  increase  in  the  breakage  of  the  retorts  working  on 
the  lead-bearing,  and  afterward  ore  of  that  kind  was  regularly  treated  at  the 
Paulshiitte,  the  lead-holding  ashes  being  subsequently  smelted  in  shaft  fur¬ 
naces  at  the  Walter-Croneckhiitte  at  Iiosdzin.1  The  Silesian  zinc  ous 
generally  contain  lead  although  not  a  high  percentage  thereof,  and  the  con¬ 
ditions  of  the  smelting  process  practised  in  that  district  result  in  a  ratha 
impure  spelter,  which  has  commonly  to  be  subsequently  refined. 

Cadmium. — Cadmium  oxide  is  reduced  to  metal,  which  is  volatilize 
chiefly  during  the  early  stages  of  the  distillation.  A  part  of  the  cadmium 
that  goes  over  is  condensed  with  the  zinc,  but  owing  to  its  greater  volati  i  y 
the  more  part  escapes  from  the  condenser  as  fume  and  is  reoxidized  m  ie 
atmosphere.  In  the  Silesian  process  of  distillation  this  oxide  may  be  c0 
lected  to  serve  as  a  source  for  the  recovery  of  the  metal. 

Gold  and  Silver. — Gold  and  silver  contained  in  zinc  ores  are  not  vo a 
tilized  to  any  important  extent,  but  remain  in  the  retort  residues,  whence 
they  may  be  recovered.  If  the  ore  contains  lead  compounds  the  me  >  1 
duced  from  the  latter  will  take  up  silver  and  gold  with  which  it  may  come 
in  contact,  just  as  in  the  lead  smelting  furnace,  and  by  jigging  the  resi< 
the  prills  of  argentiferous  lead  may  be  obtained.  Otherwise  the  sihor  um^ 
gold  may  be  recovered  by  smelting  all  the  residuum  together  with  l('ac 

1  Denksclirlft  zur  Feler  des  Fiinfzlgjahrlgen  Bestehens  der  Bergwerksgesellschaft  (,<  <* 
Giesclie’s  Erben  gehorenden  Wilhelmlne-Zinkhiltte  zu  Schoppinitz,  p.  —  • 
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in  the  ordinary  manner,  but  the  tenor  in  precious  metals  would  have  to  be 
considerable  to  make  this  a  profitable  process. 

Advantage  is  taken  of  the  non-volatility  of  silver  and  gold  to  separate  by 
distillation  the  zinc  from  the  crusts  obtained  in  the  Parkes  process  of  lead 
desilverization.  The  zinc-gold  precipitate  obtained  in  the  bromocyanide 
process  of  gold  extraction  at  Deloro,  Canada,  is  also  treated  in  the  same 
manner,  which  is  equally  applicable  to  the  precipitate  got  in  the  ordinary 
cyanide  process,  and  under  certain  circumstances  might  be  the  cheapest 
method  of  dealing  with  the  latter.  At  Ueloro,  precipitate  assaying  20% 
gold  is  distilled  and  the  zinc  and  zinc  oxide  condensed  contains  about  0-1% 
of  the  gold  charged,  that  amount  being  probably  carried  over  mechanically. 

Fluorspar. — Fluorspar  is  an  undesirable  constituent  of  zinc  ore  because 
it  forms  easily  fusible  slags,  which  attack  the  retorts.1  The  behavior  of 
fluorspar  in  blende  roasting  is  discussed  on  p.  34. 

Arsenic  and  Antimony. — Arsenical  and  antimonial  compounds  are  par¬ 
tially  reduced  and  partially  volatilized ;  if  present  in  the  ore  traces  of 
arsenic  and  antimony  will  appear  in  the  spelter. 

Silica,  Alumina  and  Lime. — Quartz  behaves  in  the  zinc  retort  precisely  as 
in  lead  and  copper  smelting  furnaces,  combining  with  bases  to  form  more 
or  less  fusible  slags.  Quartz  alone  is  inert.  xVlumina  may  combine  with 
quartz,  forming  a  silicate,  or  with  zinc  oxide,  forming  an  aluminate,  or 
zinc  spinel.  This  may  be  observed  often  in  the  walls  of  old  retorts  which 
have  been  penetrated  by  zinc  vapor  and  oxidized.  Lime  alone  has  a  bene¬ 
ficent  influence,  tending  to  decompose  zinc  sulphide.  Lime  and  quartz 
together  are  not  particularly  harmful,  since  calcium  silicate  is  not  easily 
fusible,  but  when  iron  or  manganese  oxides  are  present  liquid  slags  will 
be  formed.  Magnesia  behaves  like  lime,  but  magnesian  slags  are  less  fusible 
than  the  calcareous. 

General  Principles  Governing  the  Compounding  of  C  harges  for  Distilla 
lion. — The  chemical  reactions  which  take  place  in  the  retort  are  there  ore 
analogous  to  those  of  a  blast  smelting  furnace,  or  more  precisely  to  what 
would  take  place  in  a  crucible  in  a  pot-furnace,  an  atmosphere  of  car  ion 
monoxide  being  maintained  in  the  crucible.  Originally  the  retort  is  charge 
Dearly  full  with  a  mixture  of  fine  ore  and  coal,  the  charge  comprising,  ..a\, 
25  kg.  of  ore  and  10  kg.  of  coal;  if  the  ore  assays  50%  Zn  there  is  abou 
15'6  kg.  of  ZnO  in  the  charged  retort.  During  the  distillation  per  iap^  o% 
af  the  zinc  may  be  reduced  and  volatilized  and  50%  of  the  coa  ma> 
*rnc d,  so  that' the  contents  of  the  retort  are  constantly  diminished  and  at 
le  end  may  consist,  say,  of  1  kg.  of  zinc  oxide  and  mi  P  1 

’Poehr,  Chero.  Ztg.,  1890;  Mineral  Resources  of  the  Tnited  States,  18..  1 
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gangue  and  ash  of  coal  burned,  and  5  kg.  of  unburned  coal,  a  total  of 
16  kg  The  contents  of  the  retort  have,  consequently,  been  decreased  about 
’  54%!  As  the  zinc  is  eliminated  and  the  coal  burned  out,  the  particles 
of  foreign  mineral  in  the  ore  come  more  into  contact  and  unite  in  a  slag 
or  cinder  if  they  have  affinity  to  each  other.  If  the  slag  be  fusible  it  trickles 
down  through ‘the  residue  to  the  bottom  of  the  retort  on  which  it  runs 
forward  because  of  the  inclination  of  the  latter  toward  the  front  of  the 
furnace.  If  the  slag  be  basic  it  takes  up  silica  from  the  retort,  which  is 
thereby  corroded.  The  flow  of  the  slag  is,  of  course,  impeded  by  the  fine 

particles  of  coke  around  which  it  may  coalesce. 

It  follows,  therefore,  that  comparatively  little  danger  exists  so  long  as 
the  charge  does  not  contain  components  which  will  form  a  fluid  slag.  b\en 
if  the  ore  does  not  contain  free  silica  or  acid  silicates  there  is  always  silica 
present  in  the  ash  of  the  coke.  Lime  or  magnesia  are  not  to  bo  dreaded 
alone,  because  their  silicates  are  difficultly  fusible.  Even  iron  or  man¬ 
ganese  alone  would  not  be  very  dangerous  with  a  calamine  ore  or  a  thor¬ 
oughly  well  roasted  sulphide.  But  silica,  iron  and  lime  togcthci 


cause  trouble.  . 

In  the  formation  of  singulo-silicates  one  part  of  silica  by  weight  com  >iik  . 
with  1-86  of  lime,  1*33  of  magnesia,  144  of  alumina,  2-40  of  ferrous  oxide 
2-36  of  manganous  oxide,  and  743  of  lead  oxide;  for  bisilicates  the  propor¬ 
tion  of  the  base  is  one  half  that  required  for  singulo-silicates,  and  for  tri- 
silicates  one  third.  Conversely,  one  part  of  lime  requires  0-535  of  silica  for 
a  singulo-silicate,  one  part  of  magnesia  requires  0-750,  one  of  alumina  0-8<  , 
one  of  ferrous  oxide  0-416,  one  of  manganous  oxide  0-422,  and  one  of  ha' 
oxide  0-134.  For  bisilicates  the  proportion  of  silica  is  doubled,  and  or 
trisilicates  it  is  tripled. 

In  mixing  zinc  ores  of  various  compositions  to  make  a  charge  f°r  1  1 
filiation,  the  ores  should  be  combined  in  such  a  way  as  to  produce  ‘■•'hi  i 
purely  silicious  or  a  purely  basic  mixture.  If  that  be  infeasible,  the  "nx 
ture  should  be  designed  so  that  silica  will  form  with  the  bases  a  t-big  «l- 
difficultly  fusible  as  possible  at  the  temperature  prevailing  in  the  rotor  n 
which  at  its  maximum  is  about  200°  C.  above  the  temperature  posse>M 1  '} 

the  slags  issuing  from  a  lead  blast  furnace.  In  order  to  make  dilTko 
fusible  slags  large  quantities  of  lime,  or  better  lime  and  magnesia,  or 
alumina  should  be  combined  with  only  a  small  quantity  of  silica :  01  °n 
the  other  hand  if  the  ore  be  silicious,  only  a  small  quantity  of  earthy  bn-' 
should  be  added.  It  should  also  be  borne  in  mind  that  a  mixture  of 
cates  fuses  generally  at  a  temperature  below  the  calculated  average  of  i  ^ 
several  silicates  alone.  Thus  aluminum  silicate  is  by  itself  fusible  onl>  a 
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xtremely  high  temperature,  but  in  the  presence  of  lime,  iron  or  man- 
311  «e  it  will  combine  with  those  bases  to  form  a  slag  which  will  melt  at  a 
bw  temperature.  The  most  fusible  silicates  are  formed  in  the  presence  of 
°  nesc,  iron,  soda  and  potash  and  the  percentage  of  those  elements  in 
the  ore  to  be  distilled  should  be  kept  low  by  admixture  of  other  ores  which 

are  free  from  them. 
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Dimensions  of  Retorts. — A  common  size  of  the  Silesian  retort  is  0*11 
m.  wide  and  0-60  m.  high  at  the  front  end,  and  1*7  m.  long.  The  height 
is  sometimes  made  as  great  as  0-67  in.  (Wilhelminehiitte),  the  width  up 
to  0-2  m.  and  the  length  2-15  m.,  but  the  last  rarely,  1-75  m.  seldom  being 
exceeded.  The  walls  of  the  Silesian  retort  are  made  somewhat  thicker  at 


Figs.  160  and  161.  Sections  of  Retorts. 

Diagram  showing  relative  sectional  area  and  heat  penetrability  of  two  forms  of  retorts. 


the  back  than  at  the  front,  and  the  retort  itself  is  sometimes  made  a  little 
wider  there,  tapering  slightly  toward  the  front.  In  the  thinnest  parts,  near 
the  front  end,  the  walls  are  made  25  to  30  mm.  thick,  increasing  toward  the 
rear  end  to  40  or  50  mm.  for  top  and  bottom.  A  general  size  for  the 
Rhenish  retorts  of  muffle  shape  is  0*15  m.  wide  at  the  bottom,  0-34  m. 
high  and  1*45  m.  long  inside  (Miinsterbusch  works  at  Stolberg) ;  another 


Figs.  1G2  and  163.  Longitudinal  and  Transverse  Sections  of 

Silesian  Muffle. 

Dimensions  in  meters. 


common  Rhenish  type  is  of  link  cross-section  0-168  m.  wide  and  0-325  m. 
high,  the  walls  having  a  uniform  thickness  of  0-025  m.  except  at  the  bot¬ 
tom,  where  the  thickness  is  0-04  m.,  as  shown  in  Fig.  164.  The  latter 
form  is  the  more  modern  and  now  the  more  generally  used.  In  general 
the  Belgian  cylindrical  retorts  have  an  internal  diameter  of  8  in.  and  an 
external  length  of  48  to  54  in. ;  the  elliptical  retorts  of  this  type  are  made 
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to  have  about  the  same  internal  volume  as  the  cylindrical.  The  extreme 
ranges  of  the  dimensions  of  elliptical  retorts  used  in  Belgium  are  0-195  to 
0-300  m.  for  the  major  axis  and  0-1G  to  0-18  for  the  minor  (inside  measure¬ 
ments),  while  the  length  varies  from  1-25  to  1-5  m.,  very  seldom  reaching 
the  latter.  In  the  United  States  the  thickness  of  the  walls  is  generally 
about  1-25  in.  or  more,  in  Europe  the  manufacture  of  stronger  and 
denser  retorts  has  made  it  possible  to  reduce  the  thickness  of  the  walls, 
which  is  advantageous,  and  30  mm.  is  now  rarely  exceeded  there,  while 
retorts  with  walls  only  25  mm.  and  even  so  thin  as  22  mm.  are  commonly 
to  be  found. 

The  length  of  retorts  is  restricted  by  their  own  weakness  and  by  the 


Figs.  164  and  165.  Types  of  Rhenish  Retorts. 

Transverse  sections.  Dimensions  in  meters. 


ability  of  the  workmen  to  charge  them.  With  respect  to  the  latter  limita- 
tlon  ^  is  impossible  to  charge  properly  a  large  Silesian  muffle  in  the 
Necessary  manner;  that  is  to  say,  with  a  long  narrow  scoop  by  which  the 
ore  must  be  thrown  through  the  usual  condenser,  if  the  muffle  be 
th*n  2  m.  in  length.1  The  length  of  the  Belgian  and  Rhenish  retorts, 
are  supported  in  the  furnace  only  at  the  two  ends,  is  limited  chiefly 
^  lack  of  transverse  strength.  Experience  has  demonstrated  that  a 
e&gth  of  145  m.  (57-09  in.)  for  the  Belgian  retort  and  1-75  in.  for  the 
j  are  approximately  the  maxima  possible  with  the  respective  types  of 


thrJmJ  tho  r°torts  are  charged 

niovfvi  l  th°  con(1enBers,  which  are  not  re- 
for  «•.*  maneuver. 

Um  down  the  rule  that  Belgian 


retorts  should  not  be  more  than  1-2  m.  in 
length  and  16  to  17  cm.  in  diameter,  the 
thickness  of  the  walls  being  25  to  30  mm. 
at  the  mouth  and  40  to  42  mm.  toward  the 
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The  dimensions  of  retorts  used  in  zinc  smelting  by  the  various  processes 
both  in  Europe  and  the  United  States,  are  tabulated  in  the  subjoined  state¬ 
ment,  in  which  the  dimensions  given  in  roman  figures  represent  meters  and 
those  in  italics  are  inches : 


DIMENSIONS  OK  RETORTS  USED  IN  BELGIUM. 


Place. 

Section 

Length 

Diameter 

Valentin-Cocq . 

Elliptical 

1*40 

0*254  X  0*168 

5Crl2 

10-16  X6-75 

Flune . 

44 

P34 

0*230X0*160 

5320 

9  20X  6-50 

Angleur . 

44 

1*40 

0*230  X  0*160 

55-12 

9-20X6-50 

Ougroe . 

44 

1*33  to  1*52 

0*200X0*180 

52-36  to  59-85 

8-00  X  7-20 

Bleyberg . 

Circular 

117  to  137 

0*160 

56-06  to  53-95 

6-50 

<4 

Elliptical 

P23  to  147 

0.200  X  0.180 

58*53  to  57-87 

8  00  X  7-20 

Boom . 

Circular 

1*35 

0*17 

53-15 

680 

Prayon . 

Elliptical 

1*27  to  145 

0*225X0*160 

50-00  to  57  09 

9-00  X  6-50 

41 

44 

1*25  to  1*60 

0*255X0*180 

59‘21  to  63-00 

10-20  X  7-20 

Overpelt . 

44 

1*60 

0*300X0*170 

63-00 

12-00X6-80 

Seilles . 

44 

1*45 

0*205X0*185 

57-09 

8-20  X  7-50 

Corphalie . 

Circular 

1*20  to  1*33 

0*200 

57-25  to  52-36 

800 

Engia . 

<4 

1*25  to  1*30 

0*170 

59-21  to  51-18 

6-80 

lt  , 

Elliptical 

1*25  to  1*30 

0*195  X  0*175 

59-21  to  51- IS 

7-80X  7  00 

“  . 

44 

P25  to  1*65 

0*260X0*180 

59-21  to  65-96 

9-20X7-20 

Antheit . 

44 

1*35 

0*209X0*178 

5315 

S-S6X7-12 

DIMENSIONS  OF  RETORTS  USED  IN  RIIENISII  PRUSSIA  AND  WESTPHALIA. 


Place 

Section 

Length 

Diameter 

Stolberg . 

Muffle 

Elliptical 

1*45 

57-09 

1*45 

57-09 

1*40 

55-12 

1*25 

59-21 

0-34X015 
isnoxGoo 
0325X0- 168 
IS'00  X  6'73 
0-30  X  016 
uooxe-io 
0-31  X  0"16 
lt.uoxe-uo 

44 

Ham  horn . 

Dortmund . 

butt  (Berg-  u.  Iltlttenm.  Ztg.,  1878,  p.  302). 
Thura  was,  however,  a  strong  advocate  of 
the  Silesian  system  of  distillation  ns  against 
the  Belgian,  the  two  systems  being  still 
quite  distinct  In  his  day.  Laur  had  pre¬ 
viously  vouchsafed  the  rule  that  the  thick¬ 


ness  of  the  charge  should  not  exceed  18  <m- 
and  the  length  of  the  retort  1-5  m.,  w*li  0 
Its  height  might  attain  50  cm.  as  a  max 
mum  (Bull,  de  Ip  Soc.  de  l'lnd.  Mineral1*. 
1874,  III,  305  et  seq.). 
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Place 

Section 

Length 

Diameter 

Silesiahiitte . 

Muffle 

14 

<4 

44 

1*73 

68-11 

1*70 

66-98 

rco 

65-83 

1*66 

65-33 

0-67X014 
26-S0  X  560 
0-60X0- 14 

24  00  X  6-60 
0-56X015 

22  4 0  X  600 
0-36X015 

144  0X600 

Wilhelminehutte . 

Hohenlohehutte . 

“  a.... 

o  Experimental;  in  use  in  1893. 


DIMENSIONS  OF  RETORTS  USED  IN  THE  UNITED  STATES. 


Place 

Cross-Section 

Length 

Diameter 

Carondelet . 

Circular 

8-00 

Collinsville . 

4  4 

48  00 

8-00 

Friedensville . 

44 

4600 

8-00 

Lasalle . 

44 

54  00 

825 

Jersey  City . 

4  4  4  4 

44 

5400 

7-00 

Elliptical 

5400 

9-00  X  7-00 

Peru . 

** 

11-00  X  7-50 

Pulaski . 

44 

10-00  X8  00 

Pittsburg . 

Circular 

46  to  50 

800 

So.  Bethlehem . 

Elliptical 

51-00 

12-50  X  6-75 

CAPACITY  AND  WEIGHT  OF  CYLINDRICAL  RETORTS. 
(Calculated  for  walls  1  in.  thick  and  butts  2  In.  thick.) 


Length  outside. 

7  in.  diam.  inside. 

8  in.  diam.  inside. 

Inches. 

Meters. 

Outside 
volume 
cu.  in. 

Inside 
volume 
cu.  in. 

Weight 

lbs.a 

Outside 
volume 
cu.  in. 

Inside 
volume 
cu.  in. 

Weight 

lbs.a 

46 

1168 

2,926 

1,693 

86*3 

3,613 

2,212 

98*1 

47 

1194 

2,990 

1,732 

88-0 

3,691 

2,262 

1000 

48 

1-219 

3,054 

1,770 

899 

3,770 

2,312 

102- 1 

49 

1-245 

3,117 

1,809 

91*6 

3,848 

2,362 

1040 

50 

1-270 

3,181 

1,847 

93-4 

3,927 

2,413 

1060 

51 

1-295 

3,244 

1,886 

95*  1 

4,006 

2,463 

108*0 

52 

1-321 

3,308 

1,924 

969 

4,084 

2,513 

110*0 

53 

1-346 

3,372 

1,963 

986 

4,163 

2,564 

11 20 

54 

1-372 

3,435 

2,001 

1004 

4,241 

2,614 

1139 

55 

1-397 

3,499 

2,040 

1021 

4.320 

2,664 

115*9 

56 

P422 

3,563 

2,078 

1040 

4,398 

2,714 

1 17  9 

57 

1-445 

3,626 

2,117 

1056 

4,477 

2,764 

1199 

58 

1-473 

3,690 

2,155 

107*5 

4,555 

2,813 

121*9 

a  We,Rht  after  burning.  To  find  the  weight  of  clay  required  calculations  should  be  based 
„  the  Proportion  of  chamotte  that  is  used  and  the  percentage  of  water  in  the  raw  clay. 
Note :  nag  cu.  in.  =  1  Cu.  ft. ;  1  cu.  m.  =  35-314  cu.  ft. ;  1  cu.  decimeter  =  61-023  cu.  in. ; 
nch  _  0-0254  m. ;  1  m.  =  30-87  in. ;  1  kg.  =  2-2046  lb. ;  1  lb.  =  0-45359  kg. 


A  ^tort  8  in.  in  diameter  inside  and  10-5  in.  outside,  50  in.  long  has  an 
exterior  volume  of  4330  cu.  in.  and  weighs  134  lb.  when  burned.  The 
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volume  increases  8G-6  cu.  in.  and  the  weight  2*5  lb.  for  each  inch  of  length. 
One  of  the  same  dimensions,  but  11  in.  in  external  diameter,  has  a  volume 
of  4752  cu.  in.  and  weight  of  164  lb.,  increasing  95  cu.  in.  and  3-15  lb. 
for  each  inch  of  length. 

Silesian  muffles  weigh  200  to  2G0  kg.,  according  to  their  size  and  thick¬ 
ness  of  walls.  They  take  an  average  charge  of  75  to  105  kg.  of  ore,  besides 
the  reduction  coal  and  the  between  products  which  are  returned.  The 
0-15X0*35Xl-45  m.  retorts  used  in  Rhenish  Prussia  weigh  about  70  kg. 
and  take  an  average  charge  of  about  34  kg.  of  ore.  Belgian  retorts  are 
charged  variously  with  from  20  to  27  kg.  of  ore  in  the  case  of  the  Liege 
furnaces  and  35  to  40  kg.  in  the  case  of  the  Siemens  furnaces.  These 
figures  refer  to  the  average  quantity  of  fresh  ore.  For  example,  112  retorts 
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Figs.  1GG  to  168.  Types  of  Belgian  Retorts. 

Longitudinal  and  transverse  sections. 


may  lie  charged  with  5000  lb.  of  ore,  or  44  lb.  (20  kg.)  per  retort,  as  somc- 
111106  ln  Kansas,  but  in  addition  there  may  lie  2000  lb.  of  between  prod- 
uc  s,  making  the  total  charge  62-5  lb.  (28-5  kg.)  of  ore,  not  including 
reduction  material. 

Requirements  of  Retorts.— There  are  many  requisites  in  preparing 
"?  °r  znic  ist illation.  They  must  be  of  refractory  material  which 
tio«  r<f  !,  nst  1h  at  and  will  not  be  too  quickly  corroded  by  the  impuri- 
t  at  ,,  K>  °re'  10y  must  be  P0  (lenso  that  the  zinc  vapor  will  not  penc¬ 
il,}  with  T>n<l  "  ‘Vn'i''1  'H>  s*ron"  cnoilgh  to  preserve  their  shape  when 
^"1400- CP8f  ?  ^,0f  °rc  and  TO"'  to  0  temperature  of 

evenly  on  its  h.  "'al  1 ;  11,0  Sllosian  muffle  is,  however,  support*1*1 

evenly  on  its  base  and  therefore  does  not  need  to  have  so  great  a  trans- 
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verse  strength  as  the  Belgian  and  Rhenish.  While  fulfilling  the  above  men¬ 
tioned  requirements,  the  retort  must  be  so  thin  that  the  heat  of  the  furnace 
may  act  upon  its  contents  as  strongly  as  possible;  in  other  words  it  must 
be  able  to  conduct  from  the  exterior  to  the  interior  with  a  sufficient  rapidity 
the  quantity  of  heat  which  is  absorbed  by  the  endothermic  reaction  taking 
place  inside  and  at  the  same  time  maintain  the  temperature  necessary  for 
the  continuance  of  that  reaction.  It  is  because  zinc  oxide  must  be  reduced 
in  such  small  vessels  and  the  limitation  of  the  conditions  with  respect  to 
them,  that  the  process  of  zinc  distillation  is  so  costly  and  wasteful. 

Kinds  of  Clay  Suitable  for  Retort  Manufacture. — The  suitability 
of  various  kinds  of  fire  clay  for  retort  manufacture  can  be  determined  satis¬ 
factorily  only  by  actual  trial  in  the  furnace  of  a  specimen  set  of  retorts. 
A  chemical  analysis  of  the  material  alone  is  a  very  unsatisfactory  guide. 
The  proper  mixture  of  clay  having  been  once  determined,  it  is  so  trouble¬ 
some  to  make  a  change  for  experimental  purposes,  and  the  retorts  having 
to  be  kept  for  so  long  a  time  before  use,  that  the  zinc  smelter  once  satisfied 


Fig.  1G9.  Welsh-Belgian  Retort. 

Longitudinal  and  transverse  sections. 


^th  the  character  of  his  retorts  is  disinclined  to  try  anything  else.  From 
a  manufacturing  standpoint  the  chief  requisites  for  retorts  are  that  they 
11  be  highly  refractory  and  shall  burn  dense  and  free  from  rents.  Such 
material  is  obtained  by  mixture  of  chamotte  with  just  enough  clay  to  bind 
e  chamotte  grains,  the  proportion  of  clay  being  kept  as  low  as  possible, 
^Dce  in  burning  the  retort  the  clay  shrinks,  and  favors  the  formation  of 
ac  s.  The  best  clay  is  chosen  for  this  purpose,  but  here  the  difficulty 
csents  itself  that  the  most  refractory  clays  are  those  which  have  the 
1  ea  es^  linkage,  while  the  dense  burning  clays — the  sandy  clays  have 
r  Urability.  This  is  overcome  by  a  judicious  mixture  of  the  two  kinds, 
aj^f^cring  always  that  the  fusing  point  of  the  mixture  is  lower  than  the 
metical  mean  of  the  fusing  points  of  the  two  components. 
torfHE^IICAL  AND  Physical  Requirements. — In  general  clay  for  zinc  re- 
fusihT*0U^  ^ovv  *n  ^errlc  oxide,  lime  and  alkalies,  which  increase  its 
°re  Jur' ’  aD(*  sl10uld  not  have  much  free  silica  if  it  is  to  be  used  for  an 
lth  a  basic  gangue;  for  a  silicious  ore  a  more  quartzose  clay  may  be 
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employed.  Physically  the  clay  should  be  of  such  character  that  it  can  be 
made  into  a  plastic,  tough,  tenacious  paste.  The  strength  of  the  retort  and 
its  impermeability  will  depend  chiefly  upon  the  proportion  of  clay  and 
chamotte  used  in  the  batch,  the  size  of  the  clay  particles  and  the  method 
of  manufacture.  Raw  clay  alone  is  never  used  in  making  zinc  retorts,  a 
mixture  of  raw  clay  with  burnt  clay  (chamotte)  and  the  crushed  material 
obtained  from  old  retorts  or  muffles,  together  with  perhaps  some  other 
constituents,  being  generally  employed.  The  composition  of  the  batch 
varies  within  wide  limits  at  different  works;  this  is  doubtless  because  each 
has  found  by  experience  that  a  certain  formula  gives  the  best  results  with 
the  kinds  of  ore  usually  treated. 

The  batch  for  the  manufacture  of  zinc  retorts  should  be  prepared  with  a 
view  to  the  character  of  the  ore  that  is  to  be  smelted  inside  of  them.  This 
is  a  matter  upon  which  a  great  deal  hangs  in  zinc  smelting.  If  the  gangue 
of  the  ore  (reckoning  as  gangue  everything  that  is  not  zinc  or  in  com¬ 
bination  with  zinc)  be  basic  and  the  zinc  is  present  as  oxide,  the  clay  mix¬ 
ture  should  also  be  basic.  If,  on  the  other  hand,  the  gangue  be  silicious 
or  if  the  zinc  be  present  as  silicate,  the  mixture  should  be  silicious  also  and 
quartz  may  be  used  in  it  advantageously  for  the  good  qualities  which  it 
imparts.  It  is  obvious  that  if  an  ore  is  basic  and  the  retort  contains  free 
silica,  there  will  be  a  tendency  to  combination  of  silica  with  those  basic 
elements  lying  in  close  juxtaposition  with  it  at  the  high  temperature  at 
which  zinc  oxide  is  reduced.  This  will  occur  especiallv  when  the  ore  itself 
contains  elements  which  unite  to  form  a  basic  and  fusible  slag.  This  drains 
down  the  sides  of  the  retorts,  collecting  in  the  bottom,  and  taking  up  silica 
from  the  retort  forms  a  more  acid  slag.  The  slag  formed  in  the  zinc  retort 
is,  however,  comparatively  small  in  quantity,  and  is  seldom  very  fluid. 

A  selection  of  clay  for  zinc  retorts  is  governed  by  somewhat  the  same 
principles  as  obtain  in  the  manufacture  of  glass  pots.  The  latter  are  obliged 
to  withstand  the  high  temperature  necessary  for  fusing  the  most  refractory 
glass  and  must  have  the  power  of  resisting  the  solvent  action  of  the  fused 
c  large,  which  in  glass  manufacture  is  always  silicious.  According  to  H- 
eger  and  E.  Cramer,  this  property  is  possessed  in  the  highest  degree  bv  the 
clays  approximating  in  composition  to  the  formula  Al203,2Si02,2H,0. 

uropcan  Clays.  In  order  to  show'  the  kinds  of  clay  used  in  Europe  f°r 
e  man  acture  of  zinc  retorts.  I  have  compiled  the  following  table  from 
analyses  given  in  a  paper  by  Doctor  Stcger,  entitled  “Die  Retorten  der 
Oberschlesischen  und  der  Rheinisch-Wcstfalisch  Zinkhutten" : 1 

U,rR  mitten-  u.  Kalinenwesen  im  Preuss.  Staate,  XLIV,  i,  pp.  1  to  12. 
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*«»  FeO.  <  6)  Quartz,  4-90%;  chemically  combined.  38*94%.  kc)  Quartz.  9*95%; 
chemically  combined.  39-G9%.  id)  This  sample  in  addition  contained  2-t>4%  FeO. 

I-  Briesen  clay,  average  sample,  Bischof;  II.  Briesen  clay,  purest  sort,  selected  with 
signifying  glass.  Bischof;  III.  Briesen  clay,  analyzed  in  laboratory  of  Paulshfitte,  Schop- 
0.  S. ;  IV.  ibid;  V.  Briesen  clay  from  Ferdinand  shaft,  analyzed  at  the  experimental 
siatiou  of  the  Royal  Porcelain  Factory  at  Berlin.  1SS8 ;  VI.  Briesen  clay  from  Anton  shaft ; 
VH.  Saarau  clay.  Kerl ;  VIII.  Saarau  clay,  analyzed  at  Paulshfitte.  O.  S. ;  IX.  burned  clay 
from  Striegau ;  X.  gray  clay  from  Striegau ;  XI.  dark  blue  clay  from  Striegau.  near  Saarau ; 
XII.  clay  from  Grojec ;  XIII,  kaolin  from  Saarau.  analyzed  at  Paulshfitte.  O.  S. ;  XI\.  ibid, 
*•>.»  R.  Nchumann ;  XV.  kaolin  from  Pentsch ;  XVI.  kaolin  from  Ruppersdorf,  near  Strehlen ; 

kaolin  from  Ruppersdorf.  puddled  and  burned;  XVI 1 1.  kaolin  from  Goppersdorf.  dried 
*t  lw*  C. ;  XIX.  burned  shale  from  Xeurode.  analyzed  by  Aron  ;  XX.  ibid,  by  R.  Schumann ; 
XXI.  raw  Xeurode  shale.  Bischof;  XXII,  shale  from  Rakonitz,  Bohemia,  analyzed  by  Aron; 
XXIII,  ibid,  by  Seger ;  XXIV.  shale  from  Morgenroth  mine  at  Schoppinit* :  XXV.  blue  clay 
from  Andenne.  Bischof;  XXVI.  black  clay  from  Andenne,  Schmidt;  XXVII.  clay  from 
XXVIII,  clay  from  Andenne.  Bischof. 

Analyses  I  and  II  are  due  to  Bischof.  Die  feuerfesten  Thone.  p.  1S1  ;  V  and  VI,  rieeht, 
dksiuhL  Ztg..  May  26,  1S8S:  VII  and  XXVII.  Kerl.  Thonwaaren  Industrie.  _ 


1-^  I.  Briesen  clav  possesses  a  quotient  of  refractoriness  of  00%,  fusts 
»ith  Seger  cone  Xo.  35,  and  is  therefore  exceeded  by  no  other  clay  in 
1  Eligibility  j  onlv  the  Xeurode,  Rakonitz  and  other  shales  (Thonschiefer) 
a&d  some  puddled  kaolins  stand  higher.  A  rational  analysis  of  V  and  VI 
Scared  in  the  former,  pure  clav  (Thonsubstanz)  99-07%.  quartz  0*32%, 
2?  f^dspar  0-61%;  and  in  the  latter,  clay  99-67%,  and  feldspar  0-33%. 
Th'"  <%  comes  in  stone-hard  lumps:  it  is  ground  to  1  mm.  size  and  is  then 
******  and  allowed  to  rot  several  months,  after  which  it  forms  excellent 
mort  material. 
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VII,  VIII.  Saarau  clay,  which  comes  in  large  wet  clods  (with  20  to 
30%  water),  is  a  fat,  strong-binding  clay,  but  stands  considerably  behind 
the  Briesen  in  infusibility  and  non-corrosibility  with  slags.  About  14% 
of  its  silica  is  present  as  sand,  the  remainder  being  chemically  combined. 

TX-X1.  The  Striegau  clay  is  plastic,  but  inferior  in  infusibility  to  the 
Saarau.  It  shrinks  much  in  burning,  as  do  both  the  Saarau  and  Briesen. 

XII.  Grojec  clay  is  a  non-shrinking  material,  which  is  mixed  with  the 
preceding  varieties  to  counteract  their  contraction.  This  clay  is  always 
used  raw.  At  moderate  temperature  it  burns  dense  and  firm;  at  white 
heat  it  fuses.  It  can  only  be  used,  therefore,  in  very  small  proportion. 

Xm-XVIII.  These  kaolins  have  been  used  as  a  substitute  for  the 
Grojec  clay.  They  are  quartzose  and  very  refractory;  to  reduce  their  sand 
contents  they  are  sometimes  slimed.  They  are  very  lean  and  fragile.  In 
the  fire  they  shrink  until  their  chemically  combined  water  is  driven  out,  but 
then  expand  on  account  of  their  high  quartz  content,  and  withstand  very 
high  temperatures  without  fusing,  though  on  this  account  they  are  sus¬ 
ceptible  to  changes  of  temperature.  Their  high  silica  tenor,  however,  as  is 
the  case  with  the  Grojec  clay  also,  makes  them  likely  to  slag  with  the  basic 
material  of  the  charge.  On  account  of  their  leanness  these  kaolins  con¬ 
tribute  practically  nothing  to  the  binding  of  the  mass.  To  use  them  raw 
also  contravenes  their  utility,  since  they  would  serve  their  purpose  much 
better  if  burned  to  chamotte,  when  more  fat  raw  clay  could  he  used,  while 
the  kaolin-chamotte  would  be  a  component  promoting  the  infusibility  of  the 
mixture.  The  coarse  grains  of  free  quartz  will  still  prove  a  defect  in  these 
kaolins,  however,  since  they  break  under  rapid  variations  of  temperature, 
to  which  the  retorts  are  subject  in  the  furnace.  The  slimed  kaolins,  which 
seem  best  adapted  to  replace  the  binding  clay,  have  in  practice  proved  to  be 
entirely  too  lean. 

XIX-XXIY.  The  Xeurode  shales  and  equivalents  have  proved  the  best 
lean  material  for  admixture  in  the  retort  mass  in  Upper  Silesia,  being 
cheaper  than  chamotte,  and  superior  in  infusibility  and  non-corrosibilitv 
with  slags.  Together  with  the  shale,  old  retort  material  dressed  clean  from 
adhering  slag  is  used.  The  use  of  the  latter  limits  the  temperature  in  the 
Silesian  furnace  below  that  which  is  commonly  attained  in  the  Rhenish- 
Westphalian,  where  but  little  of  it  is  employed.  The  Xeurode  burned  shale, 
which  is  used  in  Silesia  as  a  partial  substitute  for  the  old  material,  to  in¬ 
crease  the  refractoriness  of  the  batch,  and  counteract  softening,  is  an  excel¬ 
lent  material,  fusing  with  the  highest  Seger  cone,  Xo.  3(1.  The  particles 
of  shale  hold  out  amazingly  in  the  mass ;  onlv  their  surfaces  are  acted  upon 
chemically,  while  their  interiors  remain  unaltered.  Even  after  being  used 
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several  times,  first  by  direct  admixture  and  subsequently  in  the  old  material 
they  are  still  highly  refractory.  ’ 

XXII-XXIII.  The  Kakonitz  shale  is  equal  in  quality  to  the  Neurode, 
but  is  more  expensive. 

XXIV.  A  shale  from  the  coal  measures  at  Schoppinitz,  which  proved  ill 
adapted  as  a  substitute  for  the  Neurode  on  account  of  its  high  fluxing  com¬ 
ponents. 

XX\-XX\  TIL  The  clay  from  Andenne,  near  Namur,  Belgium,  occurs 
as  two  distinct  kinds:  The  blue  to  blue-black,  less  silicious,  extraordinarily 
fat  and  binding;  the  light-colored,  very  silicious,  less  fat.  The  former  is 
used  raw  and  the  latter  (for  lean  material)  burned.  The  Andenne  fat  clay 
corresponds  to  Seger  cone  No.  33. 

Other  analyses  of  European  clays  are  as  follows: 
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XXIX,  Clay  from  Andenne,  Belgium,  Kerl  Grundrias  der  Met  all  h,.ttenk  unde,  451;  XXX,  Clay 
rotn  Namur ,  Kerl,  idem;  XXXI,  Clay  from  Brieren,  near  Lettowiti,  Moravia,  analysis  by  Hecht, 
f*rnann,  Oberschlesien ,  etc.,  206;  XXXII,  ('lay  from  Let  to  wit*,  Moravia,  analysis  by  Hecht,  Kos- 
op.  cit.;  XXXIII-XXXIV,  Clay  from  Natoye,  Belgium,  Schnabel,  Handbuch  der  Metall- 
h  dtenkunde,  H,  99 


American  Clays. — The  zinc  smelters  of  the  United  States  use  clay  from 
either  Wood  bridge,  near  Perth  Amboy,  N.  J.,  or  Cheltenham,  a  district 
Nt.  Louis,  Mo.,1  the  latter  being  freighted  so  far  as  Pulaski,  Va.  An- 
a*'H'8  these  clays  are  given  in  the  following  table: 


rfsulInC0  c,iapter  was  Put  In  type  the 
•dpnHfl0f  8n  extromeIy  elaborate  and  highly 
Rt.  1  °\  ,nve*tigatIon  of  the  properties  of 

*  C,ay>  ^P^clftlly  with  regard  to  Its 
rS“eDt  for  the  manufacture  of  zinc 
Miihn*  ia'e  Published  by  Doctor  Otto 
148  to  i°Tr  lD  Zt8‘  f'  anBew*  Ckem.  XVI, 
tor  Mlihih’  “22  t0  225  and  273  to  282.  Doc- 
age  flhni  la,M,Her  reports  the  following  aver- 
■VSt-  Cay.  dried  at  120“  C. : 
C*o,  ’o-tmr®!6;  SK>t-  4f,-50%:  2-»8%; 

12*86%,  j!’  ()*82% ;  loss  on  Ignition, 

/c*  8  composition  is  quite  uniform. 


its  specific  gravity  is  2*56,  and  it  fuses  be¬ 
tween  Seger  cones  30  and  31.  In  point  of 
refractoriness  it  is  therefore  an  entirely 
suitable  material  for  retort  manufacture, 
but  unfortunately  It  does  not  burn  as  dense 
as  Is  desirable;  after  annealing  the  retorts 
have  a  porosity  of  28  volume-per  cent.,  and 
after  burning  24-5  volume-per  cent.  This 
leads  to  important  losses  of  metal  by  ab¬ 
sorption  in  the  walls  of  the  retorts  and  fil¬ 
tration  through  them.  Doctor  Miihlhaeuser 
has  made  an  exhaustive  study  of  the  be¬ 
havior  of  the  retorts  under  all  conditions. 
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a,  Free  silica  (quartz),  12*70%;  6,  combined  water,  11*30%;  c»  free  silica,  6  40%;  d,  com¬ 
bined  water,  12*80%;  e,  free  silica,  0*50%;  f,  combined  water,  13*59%;  </,  free  silica, 
5*70%;  h,  combined  water,  12-20%;  i,  free  silica,  0*70%;  k,  combined  water,  13*32%. 

I,  Clay  from  Cheltenham,  Mo.,  E.  C.  Moxham,  Eng.  and  Min.  Journ..,  Nov.  25,  1893,  p.  544. 

II,  III,  Clay  from  Cheltenham,  Mo. 

IV,  Clay  from  Cheltenham,  Mo.,  H.  Ries,  The  Mineral  Industry,  II,  209. 

VI,  Clay  from  Woodbridge,  N.  J.,  Moxham,  loc.  cit. 

VII,  VIII,  Clay  from  Woodbridge,  N.  J. 

IX,  X,  Clay  from  Woodbridge,  N.  J.,  Ries,  loc.  cit 
XI,  Clay  from  South  Amboy,  N.  J.,  Ries,  loc.  cit 


Chamotte. — Chamotte,  or  burned  clay,  commonly  referred  to  by  American 
zinc  smelters  under  the  ambiguous  term  “cement/’  is  prepared  by  grinding 
raw  clay  to  pass  a  screen  with  1  to  3  mm.  holes,  kneading  with  addition 
of  water  in  any  suitable  pug-mill,  cutting  up  the  dough  ejected  from  the 
mill  in  more  or  less  rectangular  lumps  (“adobes”),  drying  and  burning  in 
an  ordinary  kiln. 

Old  Material . — The  material  of  old  retorts  dressed  clean  from  adhering 
slag  is  generally  used  in  preparing  the  batch  for  new  retorts,  serving  the 
purpose  of  chamotte  than  which  it  is  much  cheaper.  It  is  indeed  a  chamotte 
which  has  undergone  a  complete  change  in  the  furnace  through  the  action 
of  the  zinc  vapor  absorbed  in  it,  which  with  the  alumina  forms  zinc  spinel 
and  tridymitc.  This  is  manifested  by  a  blue  coloration  of  the  clay  of  old 
retorts,  which  is  sometimes  a  deep  purple.  Degenhardt  reported  the  follow¬ 
ing  analyses  of  old  retorts  from  Bethlehem,  Penn.1 : 


Color. 

SiO, 

% 

Al.Oj 

% 

Fe.O, 

% 

ZnO 

% 

MnOa 

% 

CaO 

% 

MgO 

% 

Totals. 

C-f 

7 0 

Blue  ... 
White  .  . 

4113 

5010 

33*48 

3828 

2- 84 

3- 42 

21-47 

610 

0*37 

0-41 

0-92 

113 

017 

073 

100-68 

10017 

Old  material  is  of  limited  refractoriness;  retorts  containing  a  high  per¬ 
centage  of  it  tend  to  bend  and  break,  and  those  in  which  it  is  replaced  by 


1  American  Chemist,  1875,  p.  355. 
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good  chamotte  are  significantly  stronger.  Retorts  which  are  designed  to 
withstand  a  very  high  temperature  should  be  made  without  admixture  of 
lid  material  in  the  batch,  or  at  least  but  comparatively  little  of  it  should 

be  employed. 

The  percentage  of  zinc  in  old  retorts  is  usually  from  G  to  10.  Analyses 
at  the  Paulshiitte,  at  Schoppinitz,  Upper  Silesia,  showed  the  following: 
Light  green,  045% ;  light  blue,  8-55%  ;  dark  blue,  9%.  The  loss  of  zinc 
which  is  incurred  in  this  manner  is  discussed  in  Chapter  XII. 

Preparation  of  the  Batch.— In  preparing  the  batch  the  clay  and 
chamotte  are  first  ground  by  suitable  machines,  roller  mills  being  most 
commonly  employed  in  Europe  and  slow-running,  geared  rolls  in  the  United 
States  There  are  works  in  Europe  which  pulverize  the  clay  with  grinders 
of  the  coffee  mill  type  and  with  the  Vapart  centrifugal  mill,  while  certain 
works  in  the  United  States  use  roller  mills.  Probably  the  roller  null,  or 
“drv  pan,”  as  it  is  commonly  called  in  the  American  clay-working  industry, 
is  the  most  efficient  machine  for  grinding  clay.  There  is  no  especial  i 
cutty  in  this  process,  however,  since  the  clay  comes  usually  m  dry,  stony 
form,  which  is  easily  pulverized,  and  of  course  there  is  no  ti  cu  \ 

grinding  the  chamotte  and  old  material.  .  , 

The  rolls  employed  for  clay-crushing  require  no  description,  ina!'™ 

as  they  are  precisely  analogous  to  the  machine^  1  v-icheiT 

other  soft  minerals.  A  form  of  roller  mill  made  by  C.  1  ’ 

Germany,  which  is  used  by  European  zinc  smelters  is  illustrated  g- 

*  7  _  •  <»  .I.*  u  /Info  5lS  tolLOW^. 


No.  of 

Rollers 

Capacity 
kg. per  hour 

Mill 

Diain. 

mm. 

lVidth 

imn. 

a  Weight 
kg. 

r.p.m. 

1 

1,500 

400 

3,400 

10 

1.500 

1,000 

500 

2 

1 .250 

320 

1 ,750 

12 

3 

1,000 

260 

1,000 

15 

b  Driving 
Pulley 


Width 

mm. 


210 

160 

125 


r.p.in. 


42 

50 

64 


H.  P. 

re¬ 

quired 

c  Floor  , 
Space 

8 

3-25  X  2  50 

6 

2  25  X  175 

3 

2-00  X  V60 

Weight 

Complete 

kg. 


13,500 

9.000 

4,600 


a  Weight  per  roller;  b  The  diameter  of  the  driving  pullc>  'u  |  the  width  in  each  wise, 

c  Dimensions  in  meters,  the  first  being  the  length  nml  the  w - - 

The  Vapart  centrifugal  mill,  whi A  m  also  usMjit^yely  ^  Mgi^n 

18  described  and  illustrated  in  Chapter  A  .  * 

tlicse  machines  deliver  about  3000  kg.  oi  Pr0(  110  l1tr  ^  usually  not 

./  CrutKin,  Refine f-Tbe  elay  »  ^nd  to  a  mea,^  ^  ^ 

1°  exceed  2  mm.  size,  but  the  chamotte  ami  old  ma  •  e  jf  ap  the 

hne,  being  crushed  only  to  pass  a  5  mm.  hole  oi  a  ) 
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material  were  fine,  the  retort  would  be  weak  and  would  bend  easily  in  the 
furnace.  On  the  other  hand,  if  the  grains  of  sand,  chamotte,  etc",  in  the 
mixture  are  too  large,  the  retort  is  apt  to  be  porous  and  zinc  vapor  will  be 
lost  by  penetration  of  its  walls.  Too  large  a  proportion  of  chamotte  also 
makes  the  retort  porous  and  moreover  fragile  and  hard  to  form.  At  many 


Fig.  170.  Roller  Mill,  for  Clay  Crushing. 

crican  works  the  chamotte  is  crushed  much  finer  than  indicated  above, 

tt^’  '!  'l.  M)^'  la"  C^'ay  an,l  chamotte  are  ground  to  1-5  mm.  size.  I11 

PLr  i  tsia  on  the  other  hand  chamotte  is  used  in  grains  as  coarse  as 
y  mm.  and  even  10  mm. 

^nat  importance  to  select  a  proper  size  of  grain  for  the  chamotte 
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which  is  to  be  used  in  the  fabrication  of  the  retorts.  Its  function  in  the 
batch  is  to  reduce  the  plasticity  of  the  raw  clay,  to  prevent  too  much  shrink¬ 
age  and  to  make  the  evaporation  of  moisture  uniform.  The  chamotte  forms 
a  kind  of  skeleton  around  which  the  particles  of  raw  clay  are  uniformly 
distributed  if  the  mixture  is  complete  (and  that  is  essential)  acting  as  a 
center  of  shrinkage  for  the  raw  material  surrounding  it.  The  chamotte 
also  possesses  the  power  to  absorb  water  which  during  drying  is  returned 
again  to  the  raw  clay,  and  in  that  manner  the  formation  of  cracks  and 
fissures  is  prevented.  The  larger  the  size  of  the  chamotte  particles  the 
better  are  the  retorts  able  to  withstand  changes  of  temperature,  and  the 
greater  their  resistance  to  chemical  corrosion  owing  to  the  less  surface  pre¬ 
sented  to  attack.  Between  these  advantages  and  disadvantages  a  middle 
course  is  to  be  selected  which  will  give  the  best  average  result. 

Proportions  of  the  Constituents.— In  general  the  proportion  of  chamotte 
and  raw  clay  employed  varies  from  equal  parts  of  each  to  60%  chamotte 
and  4.0%  raw  clay.  It  is  a  common  practice  to  make  up  the  chamotte  one 
half  of  newly  burnt  clay  and  one  half  of  old  material,  but  some  smelters  do 
not  use  any  old  material  at  all.  The  American  and  European  practices 
not  vary  much  as  to  the  proportions  of  raw  clay  and  chamotte  vlu  r<  t  lose 
are  the  only  constituents  employed  in  the  batch.  It  is  rare  to  find  the.  per 
centage  of  raw  clay  less  than  40,  although  as  little  as  35%  is  rcportic  o 
have  been  used  under  certain  conditions.  At  the  present  time  the  c  a>  o 
the  batch  for  retort  manufacture  in  Belgium,  Khenish  1  russia  am 
phalia  is  apt  to  be  made  up  with  more  ingredients  than  the  essential  con¬ 
stituents  (raw  clay  and  chamotte),  the  additions  being  chit  fly  co  *e  us  a 
sand;  both  those  substances  being  lean-making  material,  they  are  sin 
stituted  for  a  part  of  the  chamotte.  An  addition  of  coke  <  |'s  >  aP 
of  the  batch,  is  now  commonly  made.  It  imparts  to  the  val  so  u 
a  peculiar  smoothness  and  greater  density,  giving  them  the  appearar 
graphite  crucible,  and  apparently  tends  to  prevent  tin  a>s°ip  ion 
vapor  and  diminishes  the  corrosive  action  of  slags  and  meta  *c  *  :* 

Opinions  as  to  the  action  of  the  coke  dust  vary,  but  v  ia  c'or  1 
no  doubt  that  coke  is  an  excellent  lean-making  ma  c  ria  ,  n0  ° 

even  at  white  heat,  and  to  it  is  also  due  that  so  much  fine  chamott e  nu^  be 
used  without  danger.  As  to  the  use  of  coke  Doctor  isc  m  .  a>.  ^ 

«te,  coke,  and  even  charcoal  dust,  are  more  easily  ignited  than  gr.  p 
;et  80  lonS  as  they  are  protected  from  burning ^ft  fo  crack» 

crease  tbo  refractoriness  of  the  clay  and  count*  <  ponderable  per- 

Therc  has  been  lately  a  tendency  in  Belgium  to  use  a 

iDie  feuerfesten  Tlione,  p. 
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centage  of  sand  in  the  batch,  especially  when  the  retorts  are  to  he  employed 
for  the  distillation  of  a  silicious  ore.  Retorts  made  of  a  mixture  rich  in 
silica  cost  less  than  those  made  from  mixtures  richer  in  clay  and  can  be 
molded  with  thinner  walls  (as  thin  as  20  mm.)1 

According  to  Doctor  Foehr2  fluorspar  has  been  used  experimentally  in  the 
hatch  for  the  preparation  of  retorts,  a  mixture  of  quartz  sand  with  about  3% 
of  fluorspar  and  some  soda  being  recommended.  Retorts  made  of  that  mix¬ 
ture  frit  on  the  surface  during  annealing,  but  after  the  escape  of  the  fluorine 
become  far  more  dense  and  fireproof  than  otherwise  can  be  produced.  In 
fact,  a  small  quantity  of  fluorspar  is  used  regularly  in  potteries  which  make 
fireproof  ware.  Zinc  retorts  are  said  to  be  improved  very  much  by  baking 
with  a  glaze  consisting  of  equal  parts  of  fluorspar  and  zinc  sulphate. 

The  mixture  of  clays,  etc.,  varies  considerably  among  the  Belgian-Rhen- 
ish-Westphalian  works.  One  uses  40  parts  by  measure  of  dark,  fat,  raw 
Belgian  clay;  50  of  light-colored,  sandy  Belgian  clay  burned  to  chamotte; 
and  10  of  coke.  Another  3G,  54  and  10  parts  of  the  same  substances  re¬ 
spectively.  Both  are  very  durable.  A  third  uses  30  parts  of  fat,  Belgian 
clay  (raw) ;  10  of  sandy  Belgian  clay  (raw) ;  50  of  old  retorts,  and  10  of 
coke,  which  has  less  durability  on  account  of  the  old  material.  A  Belgian 
works  used  10-5  parts  Tahier  clay  (raw)  ;  10  of  the  same  burned;  eight  of 
old  material;  one  of  quartz,  and  0-5  of  coke.  In  the  last  case  the  quantity 
of  coke  is  too  little  to  be  of  influence.  At  Dortmund,  Westphalia,  the  batch 
is  made  up  of  one  part  of  fat  clay  from  Andenne  and  two  parts  of  burned 
gray  clay  from  Andenne;  to  that  mixture  10%  by  volume  of  coke  dust  is 
added. 

The  average  mixture  of  clays  used  in  Upper  Silesia,  varying  somewhat 
at  each  works,  is:  Fat  clay  (raw),  two  parts  by  measure;  sandy  clay 
(raw),  one  part;  lean  material  (old  retorts  and  shale),  five  parts.  As  fat 
clays  are  used  the  Bricsen,  Saargu  and  Striegau,  each  alone  or  a  mixture  of 
two  or  three;  as  sandy  clay  the  Grojec  or  Silesian  kaolin,  or  a  mixture  of 
both ;  as  lean  material  old  retorts  and  shale  in  varying  proportions.  T  be 
clays  are  sifted  through  1  to  3  mm.  screens;  the  old  material  and  shales 
are  used  as  a  mixture  of  coarse  (up  to  9  mm.)  and  fine,  just  as  is  delivered 
by  the  roller  mill,  which  is  commonly  employed  for  grinding  them. 

Methods  of  Mixing. — The  constituents  of  the  batch  having  been  pel” 
verized  separately  to  the  required  size,  thev  are  mixed  in  the  predetermined 
proportion,  either  by  shoveling  on  a  floor  or  by  a  mechanical  mixing  ma¬ 
chine  and  are  then  kneaded  with  the  proper  proportion  of  water  necessary 

'Schnabel,  Ilantlbuch  dcr  Metallhiittenkunde,  II,  114. 

-Ohem.  Zts„  1890;  Mineral  Resources  of  the  United  States.  1889-90. 
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to  develop  the  plasticity  of  the  clay,  which  is  usually  about  8  to  10%,  but 
may  be  as  high  as  20%,  in  some  suitable  machine,  usually  a  vertical  or  hori¬ 
zontal  pug  mill.  The  old  method  of  mixing  the  clay  by  treading  is  no 
longer  practiced.  After  the  first  pugging  the  batch  is  deposited  in  a  heap, 
in  which  it  is  allowed  to  remain  for  two  to  six  weeks,  during  which  time  it 
is  kept  covered  with  wet  cloths.  This  tempering  or  rotting  is  to  develop 
further  the  plasticity  of  the  clay.  At  the  end  of  the  tempering  period  the 
clay  is  drawn  from  the  pile  as  required,  pugged  a  second  time  and  then 
delivered  to  the  retort  molders.  This  process  is  followed  generally  in 
Europe,  but  there  are  few  zinc  smelters  in  the  United  States  who  go 
through  so  much  detail,  the  common  practice  in  Missouri  and  Kansas  being 
to  mold  the  retorts  immediately  after  the  preparation  of  the  batch.  Leaving 


Fig.  171.  Houizontal  ITg-Mill. 


the  clay  to  rot  after  the  first  pugging  implies  of  course  a  rehandling  of 
the  entire  batch  and  adds  correspondingly  to  the  cost  of  the  retorts. 

Pug-Mtils. — Types  of  pug-mills  employed  for  kneading  clay  are  shown 
111  the  accompanying  engravings.  In  the  potteries  of  zinc  smelting  works 
the  horizontal  machines  with  closed  tops  arc  most  commonly  used.  The 
machine  shown  in  Fig.  171  is  employed  in  Germany.  A  horizontal  pug- 
mi,l  u«'d  in  the  United  States  has  a  cylinder  made  of  y4  in.  steel  plate, 
top  being  closed  with  removable,  sectional  cast-iron  covers.  At  the  dis- 
eharge  end  there  should  be  an  adjustable  gate  to  regulate  the  discharge  of 
the  Pugged  clay.  The  shaft  is  3%  in.  hexagonal,  hammered  steel.  The 
uuxmg  knives  arc  of  steel,  fitted  into  socket  hubs  which  are  slipped  on  the 
S'a^  and  fastened  by  holts.  The  knives  are  capable  of  being  set  in 
1  Hi  rent  positions  according  to  the  work  that  is  to  he  done.  If  the  clay 
rwl«ires  thorough  pugging  the  knives  are  set  at  a  small  angle,  so  that  the 
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clay  is  slowly  forced  forward;  if  less  pugging  is  required  and  greater 
capacity  is  needed,  the  angle  of  the  knives  is  increased.  Obviously  the 
degree  of  pugging  depends  also  upon  the  length  of  the  cylinder.  A 
common  length  is  8  ft.,  but  smaller  machines  are  frequently  employed  where 
the  quantity  of  clay  to  be  pugged  is  small. 

Molding  the  Retorts. — Retorts  were  formerly  made  universally  by 
hand,  the  walls  being  built  up  and  solidified  with  proper  tools  in  wooden 
molds  of  the  requisite  shape.  The  large  retorts  used  in  Upper  Silesia  are 
still  made  by  hand,  the  peculiar  shape  which  has  been  adopted  there  making 


Fig.  172.  Vertical  Pug-Mill. 


it  difficult  to  form  them  mechanically.1  The  manufacture  of  the  Belgian 
and  Rhenish  retorts,  on  the  other  hand,  is  now  done  all  but  universally  by 
machine,  both  in  Europe  and  the  United  States. 

Augur  Machines. — lu  Kansas,  Missouri  and  Illinois  zinc  retorts  are 
commonly  made  with  the  aid  of  a  machine  similar  to  that  which  is  em¬ 
ployed  for  the  manufacture  of  drain  pipe.  The  ordinary  machine  of  this 
hpe  cost*  .$..)()  at  the  works  of  the  maker,  freight  and  erection  bringing 
tlie  cost  to  the  zinc  smelter  to  approximately  $1100.  With  such  a  machine 
a  retort  maker  and  two  helpers  are  able  to  make  80  retorts  per  day. 

'  one  works  In  Upper  Silesia  has  recently  tried  pressed  muffles,  but  these  are  small  ones, 
such  as  are  used  In  the  Rhenish  furnaces. 
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The  arrangement  «f  such  a  machine  at  Uwill.*,  111.,  j*  illustrated  in 
the  accompanying  sketch.  The  vertical  cast  iron  cylinder  b  auppartod 
by  the  beams  of  the  upper  floor  nnd  the  bracing  rod*  n*  shown.  TIk-  clay, 
raised  from  the  lower  floor  by  the  belt  elevator,  i*  dumped  into  the  top  of 
the  cylinder,  wherein  then*  is  revolved  n  vertical  shaft  bearing  blades  set 
at  a  suitable  angle,  which  pr<**s  the  clay  downward  and  force  it  out  at  the 
bottom,  around  a  eore.  which  correspond*  to  the  internal  diameter  of  the 
retort,  and  through  a  die-plate  agreeing  with  the  outside  diameter.  At  the 
top  of  the  cylinder  the  shaft  is  provided  with  a  aeraper  to  dislodge  any 
<lay  that  may  stick  in  the  hopper.  The  pipe  of  clay  issuing  downward 
through  the  die  is  received  on  a  counterbalanced  pallet,  which  sinks  as  the 


bto.  173.  Ahbaxufmkxt  of  Alum  Maciii.nl  for  Making  Hktohts. 


P'Pe  thwnds.  This  is  designed  to  steady  the  pipe  as  it  emerges  from  the 
*  cause*  it  to  run  smoothly.  The  retort  is  received,  mort*over,  inside 
*  poitahh*  form,  within  which  the  pallet  rises  and  falls.  When  a  elav 
cylinder  of  suitable  length  has  been  made,  the  machinery  is  stopped  and 
cylinder  is  rut  off  at  the  top  of  the  receiving  form  by  means  of  a 
w,pe  hanging  from  n  convenient  place.  The  receiving  form  is  then  removal 
^  •  truck.  And  a  cylinder  of  flay  about  rt  in.  in  diameter  and  2*5  in.  thick 
^l*"!  in  solidly  to  form  the  butt  of  the  retort 
./  n"Ceiving  forms  are  made  of  wood  in  two  sections,  a  long  one  nnd  a 
j^°rt  ,m°*  *nd  each  is  divided  into  three  segments,  which  are  hehl  together 
1  **  engirdling  rings,  hut  are  separated  by  spans,  as  shown  in  the  aceom- 
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panying  sketches.  In  the  openings  between  the  segments  loose  staves  equal 
in  length  with  the  retort  are  inserted.  In  removing  the  form  from  the 
finished  retort  the  upper  section  is  first  opened,  the  three  staves  remaining 
in  position  since  they  are  still  held  by  the  lower  section.  Two  iron  rings 
are  then  slipped  over  the  staves  and  the  lower  section  is  removed,  after 
which  a  third  ring  is  put  on  and  the  others  are  shoved  down,  as  shown  in 
Fig.  178.  The  object  of  this  device  is  to  preserve  the  shape  of  the  retort 
during  the  critical  period  of  the  first  two  or  three  days’  drying.  The 
retorts  dry  at  the  normal  temperature  of  the  air  for  10  or  12  days,  care 


hies.  1<  t  to  170.  Form  .for  Holding  Belgian  Retorts. 

.  Plans  and  elevations. 

ken  .  a,  damps,  b,  hinges;  cdt  iron  rings;  c,  spaces  between  sections  of  form; 

f,  wooden  staves. 

being  taken  that  no  draught  strikes  upon  them  which  would  make  them 
crack,  or  at  any  rate  would  be  apt  to  weaken  them.  They  are  then  placed 
in  the  hot  room,  where  they  arc  kept  at  least  50  days,  the  green  retorts  con- 
tuming  about  16%  of  free  moisture,  to  be  dried  out  as  thoroughly  as  possible. 

This  system  of  making  retorts  is  practiced  generally  in  the  United  States, 
with  unimportant  modifications,  save  at  the  few  works  which  employ 
raulic  presses.  J  he  \ertical  augur  machines  are  the  most  common,  hut 
t  ie  combination  of  a  horizontal  pugging  cylinder  with  a  vertical  pressing 
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cylinder,  as  in  many  modern  drain  pipe  machines,  is  also  used.  The 
method  of  setting  the  pressure  blades  or  augur  varies  in  the  machines  of 
different  manufacturers.  So  too  does  the  method  of  supporting  the  core. 
In  some  machines  the  latter  is  held  in  position  by  straight  bridge-trees  con¬ 
nected  with  the  main  cylinder.  With  such  an  arrangement  the  clay  is 
necessarily  split  in  running  over  the  bridge  trees  and  although  it  is  united 
again  in  the  die  below  them  there  are  likely  to  he  lines  of  weakness  caused 
by  the  separation  of  the  clay  and  imperfect  reunion,  which  is  manifested 
by  cracks  developing  in  the  retorts  during  drying.  This  difficulty  is 
lessened  by  making  the  bridge-trees  curved  in  plan,  instead  of  straight. 
Other  machines  dispense  with  bridge-trees,  the  core  being  supported  by  the 
augur  shaft  so  that  the  annular  mouth  of  the  machine  is  free  from  obstacles. 

Boring  Out  Machines.— At  the  works  of  the  Societe  Anonyme  de  la  Vi- 
eille  Montagne  at  Angleur,  Belgium,  the  thoroughly  kneaded  clay  is  ham¬ 
mered  solidly  into  a  canvas  sack  which  forms  the  lining  of  a  cylindrical  or 
elliptical  mold  of  the  shape  and  size  of  the  desired  retort,  and  the  column  of 
solid  clay  which  is  formed  in  that  manner  is  subsequently  reamed  out  by  a 
vertical  boring  machine.  The  molds  which  are  made  of  iron  open  h>n,,i 
tudinally  to  discharge  the  finished  retort,  the  two  halves  when  in  use  bun,, 
clamped  together  with  screws  through  the  lugs  of  the  bands  which  surroun 
them.  The  clay  is  packed  solidly  into  the  molds  by  means  of  a  hammer 
working  up  and  down  by  a  simple  mechanical  contrivance.  When 
solidly  the  mold  and  its  contents  are  transferred  on  a  truck  to  the  boring 
machine,  which  cuts  out  an  elliptical  or  circular  hole  as  require  . 
boring  of  a  circular  hole  is  so  simple  that  no  special  explanation  1.  nc 
sary.  In  making  elliptical  retorts  the  mold  has  of  course  the  requis 
form  for  their  exterior,  while  the  interior  is  cut  out  by  para  i  ot  '  ° 
intersecting  each  other  throughout  their  whole  length.  The  ri  or  ~ 

been  bored  out,  it  is  removed  from  the  mold  and  sent  to  the  <  r>  inq  1  ’ 

wherein  the  canvas  sack  enclosing  it  is  stripped  off  and  the  in.  1 
smooth  by  hand,  after  which  it  is  set  aside  to  dry  for  a  tw 
temperature  of  the  atmosphere,  and  finally  is  placed  in  t  '<  10  r<’(  1 
The  machines  above  described  were  introduced  at  -  n<-  eur  ® 
jears  ago,  having  been  described  by  Percy  in  his  Metallurgy,  > 

"h°  stated  that  retorts  made  with  them  cost  at  that  time  finished 

aPiece,  while  at  Moresnct  in  1857  the  oort  of  hand-made  re  o  > •  q{ 

and  burned  was  2(a2-l  fr.  (40(?M2c.)  apiece,  one  man  being 
niaking  is  to  20  retorts  by  hand  in  12  hours.  The  most  nnP 
e  ected  by  the  maehine-made  retorts  was,  however,  iecau  <  .»  jn 

durability  and  the  increased  recovery  of  zinc  made  possible  *  dh 
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1840  the  consumption  of  retorts  at  Angleur  was  11-9  to  25  per  1000  kg. 
of  zinc  (average  IT),  and  in  1888  it  was  only  one  tenth  as  much.1 

Hydraulic  Press  Machines. — A  good  many  of  the  Belgian  and  Rhenish 
zinc  works  have  now  adopted  hydraulic  presses  for  making  retorts,  and 
there  are  several  works  in  the  United  States  in  which  machines  of  that 
type  are  used.  The  clay  is  prepared  for  the  hydraulic  machines,  after  a 
thorough  kneading,  by  compression  into  cylinders  (ballots)  about  0-3  to  0-4 
m.  in  diameter  and  0-4  to  0-5  m.  long,  varying  according  to  the  size  of  the 
retort  that  is  to  be  made.  The  ballots  are  prepared  by  mechanieally  ham¬ 
mering  into  a  mold,  of  which  the  bottom  is  an  hydraulic  piston,  lumps  of 
the  soft  homogeneous  clay,  which  arc  cut  from  tin*  sausage  (about  0-25  m. 
in  diameter)  ejected  by  the  pug-mill.  The  clay  is  fed  into  the  hammering 
machine  little  by  little  and  the  block  is  kept  up  to  meet  the  blows  of  the 
drop  hammer  by  the  piston,  which  is  lowered  gradually  as  more  clay  is 
fed  in.  When  thoroughly  solidified,  the  cylinder  is  shoved  out  of  tlu  mold 
by  raising  the  piston  so  that  it  can  be  pushed  on  the  table  at  one  side. 
It  is  then  ready  for  the  hydraulic  press.  The  hydraulic  presses  for  making 
zinc  retorts,  which  were  first  introduced  by  E.  Dor,  a  Belgian  engineer,  and 
were  used  at  the  Asturienne  works  at  Aubv,  France,  as  early  as  1877,  are 
of  two  kinds. 

Bottom  Feed  Type. — In  one  kind  of  hydraulic  press  a  proper  block  (bal¬ 
lot)  of  clay  is  forced  by  an  hydraulic  piston  into  a  vertically  standing  steel 
cylinder,  the  inside  of  which  is  of  the  same  shape  and  size  as  the  outside 
of  the  retort  to  be  made.  Within  the  cylinder  there  is  a  steel  core  of  the 
same  size  as  the  inside  of  the  retort.  The  clay  having  been  forced  from 
below  into  this  mold,  around  the  core,  under  a  pressure  of  150  to  200 
atmospheres,  the  cap  of  the  cylinder  is  removed  and  the  formed  retort  is 
pushed  upward  and  out  by  raising  the  hydraulic  piston.  The  retort  is  then 
cut  by  a  wire  at  the  proper  length,  received  on  a  carriage  and  sent  to  the 
drying  house.  A  chunk  of  clay  is  thrown  from  above  into  the  cylinder 
to  make  the  bottom  of  the  next  retort,  the  cap  of  the  cylinder  is  replaced 
and  locked  on  securely,  a  block  of  clay  is  put  in  at  the  bottom  and  the  pres¬ 
sure  is  exerted  as  before.  The  method  of  feeding  in  the  clay  in  this  type 
of  press  is  rather  clumsy.  The  main  cylinder  stands  about  0*5  or  0-G  m. 
above  the  feed  table  and  is  open  at  the  bottom.  The  core  inside  of  it  is 
supported  by  bridge-trees.  The  ballot  of  clay  is  put  in  a  cylinder,  open 
top  and  bottom,  of  the  same  diameter  as  the  upper  cylinder,  with  which  it 
makes  a  close  connection  when  put  in  place  beneath  it.  The  piston  pushes 
the  clay  up  through  the  lower  cylinder.  The  latter  is  then  removed  and 
1  Bulletin  do  la  SoclW  do  FTndustrle  Minerale,  1888.  p.  505. 
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another  one  which  has  previously  been  made  ready  is  put  in  its  place.  The 
ballots  of  clay  are  prepared  on  the  lower  floor  of  the  pottery,  where  the 
pug-mills  are,  and  the  molded  retorts  are  delivered  on  the  upper  floor. 

Top  Feed  Type. — The  hydraulic  press  which  is  now  generally  in  use  in 
Belgium,  Rhenish  Prussia  and  Westphalia  is  fed  from  the  top ;  although 
in  some  respects  it  is  less  simple  than  that  which  has  been  described  above, 
it  is  easier  to  operate  and  is  more  efficient.  It  consists  of  a  heavy  steel 
cylinder,  supported  vertically  by  columns  standing  on  a  suitable  pedestal. 
Operating  inside  of  the  cylinder  there  are  two  rams,  one  of  them  being 
annular  and  fitting  to  the  main  cylinder,  and  the  other  being  cylindrical, 
working  inside  of  the  annular  ram.  Pressure  is  exerted  on  both  of  the 


Fig.  180.  Arrangement  of  Hydraulic  Machines  for  Making  Retorts. 


rams  from  below.  The  cylindrical  ram  being  central  to  the  machine,  its 
own  base  serves  as  the  piston.  The  annular  ram  is  connected  with  a  heavy 
Joke  which  is  raised  and  lowered  by  two  pistons,  working  ''' r'  0 
each  side.  The  cylindrical  ram  passes  through  this  yoke.  Oi  the  our 
columns  which  support  the  main  cylinder,  two  diametrically  °PFslte/^ 
tend  above  the  top  of  the  latter ;  the  other  two  .extend  on  y  a  itt 
the  bottom,  passing  through  lugs,  which  are  bored  out  for  them.  _  1  . 

not  on  the  end  of  each  column  holds  the  cylinder  down  secure  >. 

°[  the  cylinder  is  closed  first  by  a  heavy  die  block,  the  shape  o  * 

0  tbe  retort,  and  above  that  a'cover  plate,  both  of  which  are  hinged  on  one 

^  the  columns  and  can  be  swung  horizontally  as^e  '  n^  .,  column 
in  proper  position  they  lock  under  the  nut  of  the  opposite  column. 
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apiece,  including  the  clay.  At  a  small  works  in  Kansas  in  1899  a  man 
made  15  and  a  man  and  a  boy  20  per  day,  including  the  mixing  of  the 
batch.  The  contract  price  was  10c.  apiece  (for  labor  only).  It  will  be 
observed  that  hand-made  retorts  are  not  much  more  expensive  than  those 
which  are  made  by  the  augur  machine,  while  with  the  docile  Joplin  ore 
at  least  they  are  said  not  to  be  materially  inferior  in  durability.  The 
superiority  of  the  machine-made  retorts  is  chiefly  in  their  greater  homo¬ 
geneity  and  density,  which  reduce  the  loss  of  zinc  by  absorption  and  seepage. 

Cost  of  Making  Retorts. — The  labor  expense  for  making  retorts  does 
not  vary  greatly  in  different  works;  the  cost  for  clay  is  of  course  governed 
by  the  situation  of  the  works  with  respect  to  that  material.  One  retort 
maker  with  two  helpers,  working  300  days  per  annum,  can  easily  make 
all  the  retorts  required  for  a  works  with  six  Belgian  furnaces,  smelting 
12,000  tons  of  blende  per  annum  and  producing  approximately  6000  tons 
of  spelter.  When  working  with  the  machine  they  will  make  75  to  80  retorts 
per  day  and  including  the  mixing  of  the  batch  the  monthly  average  will  be 
45  to  50  per  day.  In  larger  works  the  machine  will  be  kept  in  operation 
for  more  of  the  time  and  additional  men  will  be  provided  for  preparation 
of  the  batch.  Thus  a  single  retort  machine  is  sufficient  for  the  needs  of  a 
large  smeltery;  nor  is  it  necessary  to  install  the  pottery  machinery  in  dupli¬ 
cate,  since  the  stock  of  retorts  that  must  be  carried  any  way  is  so  large  that 
a  break-down  of  even  a  week  would  not  cause  any  inconvenience. 

In  Kansas  it  is  common  to  estimate  the  value  of  a  seasoned  retort  at 
50c.  and  that  of  a  condenser  at  3@4c.  The  expense  for  labor  is  about  15c. 
per  retort;  the  clay  cost  varies  according  to  the  weight  of  the  retort  and 
the  proportions  of  raw  clay,  chamotte  and  old  material  that  are  employed. 
The  raw  clay  costs  $3  per  2000  lb.  delivered,  and  about  25c.  per  retort 
is  representative  of  the  material  in  a  single  retort.  Labor  for  rehandling, 
steam  for  power  and  heating,  repairs  and  renewals  of  machinery  and  build¬ 
ing,  miscellaneous  supplies,  etc.,  further  increase  the  cost. 

Manufacture  of  Condensers. — The  batch  of  refractory  material  for 
the  manufacture  of  condensers  is  prepared  in  the  same  manner  as  for  the 
manufacture  of  the  retorts,  but  the  clay  need  not  be  of  so  good  quality, 
inasmuch  as  the  condensers  are  obliged  neither  to  withstand  a  high  tem¬ 
perature  nor  the  action  of  corrosive  slag ;  they  are  subject,  on  the  other 
hand,  to  a  good  deal  of  handling,  especially  in  connection  with  the  Belgian 
furnace,  wherefore  their  life  is  short,  but  it  would  be  equally  short  if  they 
were  made  of  the  most  superior  quality  of  refractory  material.  Generali.' 
they  will  last  from  eight  to  12  days. 

Dimensions. — The  shape  and  dimensions  of  the  condensers  vary  a  good 
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deal  according  to  the  method  of  distillation.  In  the  Silesian  practice  the 
condenser  is  not  removed  during  the  maneuver,  the  residues  being  with¬ 
drawn  from  the  retort  through  the  opening  (closed  by  a  tile  during  the 
distillation)  beneath  the  condenser  and  the  new  charge  being  thrown  in 
through  the  condenser,  which  for  that  purpose  must  necessarily  be  rather 
large  in  section.  The  Silesian  condensers  are  commonly  about  1  m.  in 

a 

Fig.  181.  Rhenish  Condenser. 


length  and  are  prismatic  in  form.  The  Rhenish- Westphalian  condensers 
have  a  belly,  as  in  Figs.  158  and  181,  wherein  the  spelter  can  collect ;  in 
length  they  vary  from  0-7  to  1-1  m.  The  Belgian  condenser  is  always 
removed  during  the  discharging  and  recharging  of  the  retorts.  It  is  made 
in  leg-shape  or  conical  form,  the  latter  being  sometimes  bulged  out  with  a 
belly  for  the  spelter  to  collect  in.  Various  forms  of  Belgian  condensers 


Figs.  182  to  184.  Belgian  Condensers. 


are  illustrated  in  the  accompanying  engravings.  In  the  TTnibcd  StatGs  the 

simple  conical  shape  is  most  commonly  employe*.  1(-  _<ian\  internal 
Belgian  condenser  at  the  inner  end  is  governed  o  course  >  •  crj.e(j 

dimensions  of  the  retort,  since  that  end  of  the  con*  ens*  r  a. 

*  the  mouth  of  the  retort.  At  the  outer  end  the  cor ^denser 

enough  to  admit  the  insertion  of  a  convenient  loo  or  rem  although 

**  A  rather  common  diameter  at  the  email  eml  »  2% 
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condensers  3  in.  in  diameter  are  sometimes  found.  In  length  there  is  con¬ 
siderable  variation  in  the  practice.  In  Pennsylvania  the  dimensions  of  the 
condensers  used  to  be  14X5X2^  in.,  all  inside  measurements;  in  Kansas, 
the  condensers  are  generally  lSX^X^A  At  Lasalle  they  are  24  in. 
long.  The  Dagner  and  Kleemann  condensers,  which  are  generally  used  in 
Upper  Silesia,  are  described  in  Chapter  XII. 

Molding. — Belgian  condensers  are  commonly  made  by  hand,  a  ball  of 
clay  being  put  into  a  matrix,  or  mold,  of  the  external  shape  of  the  con¬ 
denser  and  formed  with  the  aid  of  a  patrix  of  the  internal  shape  of  the 


Figs.  185  and  186.  Sketch  of  Machine  for  Making  Condensers  at 

Lasalle,  III. 


condenser.  One  man  can  make  usually  about  200  condensers  in  10  hours, 
if  they  be  of  the  ordinary  conical  form.  In  Missouri  and  Kansas  their 
manufacture  is  frequently  contracted  at  $1-20  per  100  for  labor.  When  the 
condensers  are  made  with  a  belly,  a  long  narrow  V  is  cut  out  of  the  edge  at 
the  large  end,  and  the  two  parts  being  drawn  together  and  united,  the 
desired  bulge  is  formed.  This,  of  course,  adds  another  process  to  the  manu¬ 
facture  and  increases  the  cost.  The  leg-shape  condensers  are  prepared  in 
a  similar  manner,  a  cut  being  made  in  each  end. 

At  Lasalle  condensers  are  made  with  a  machine,  and  so  far  as  I  know, 
that  is  the  only  place  where  that  process  of  manufacture  is  employed.  I 
machine  consists  of  a  plunger  of  the  same  shape  as  the  inside  of  the  con¬ 
denser.  It  is  connected  with  a  cross-head,  which  works  up  and  down  bi¬ 
tween  two  vertical  guides.  A  mold  is  set  in  position  under  the  plunger 
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and  over  a  hole  in  the  floor  through  which  the  excess  of  clay  finds  egress 
The  plunger  is  moved  up  and  down  by  the  crank,  which  is  connected°with 
the  cross-head  by  a  piece  of  leather  belt.  With  the  aid  of  one  of  thee 
machines  one  man  can  make  250  condensers  in  10  hours,  including  the 
finishing  work,  which  has  to  be  done  by  hand.  After  they  have  “been 
molded  they  are  set  aside  to  dry  for  one  day,  after  which  the  edges  are 
smoothed  by  hand,  the  larger  end  being  set  in  an  iron  ring  on  the  floor 
which  is  exactly  the  size  of  the  interior  of  the  retort,  so  that  the  condenser 
will  be  sure  to  fit. 

Silesian  condensers  are  prepared  by  folding  a  sheet  of  clay  of  the  requisite 
thickness  around  a  wooden  form,  the  seam  being  carefully  united  with  the 
thumbs.  The  ordinary  condenser  is  said  to  cost  about  50  pfg.  (about  12c.), 
and  Dagner  condensers  25  pfg.  per  section.1  The  Dagner  condenser,  to¬ 
gether  with  the  Kleeman,  is  now  most  commonly  employed  in  Upper 
Silesia.  According  to  Georgi,2  the  older  form  of  condensers  used  to  be  pre¬ 
pared  by  the  smelters,  each  smelter  making  his  own  supply,  even  com¬ 
pounding  the  batch  for  them;  they  were  dried  on  the  roofs  of  the  distilla¬ 
tion  furnaces  and  were  employed  unburned.  The  reference  to  the  “older 
form  of  condenser  is  purely  relative,  inasmuch  as  they  were  preceded  by 
the  ancient  knee-form  condenser  (vide  Chapter  X) ;  the  latter  were  still 
m  use  at  the  Bobrekhutte  as  late  as  1877.3 

The  Bhenish-W estphalian  condensers  are  made  in  about  the  same  man¬ 
ner  as  the  Silesian,  but  the  form  consists  of  two  dovetailed  parts,  which 
can  be  pushed  together  so  that  after  the  condenser  is  finished  it  can  be 
easily  removed  (vide  Fig.  181).  At  Dortmund  the  condensers  are  used 
unburned,  being  dried  on  the  roof  of  the  distillation  furnace  and  then  put 
rectly  in  place  in  the  niches.4 

The  Belgian  condensers  are  generally  staeked  in  the  storeroom  of  the 
pottery  and  when  sufficiently  dry  for  safe  handling  are  burned  in  kilns  as 
required.  Before  use  on  the  furnace  they  are  commonly  whitewashed  on 
e  Ineide  to  prevent  crusts  from  adhering  to  them.  Sometimes  they  are 
gazed  inside  before  burning.  Owing  to  the  frequent  handling  to  which 
ey  are  subjected  the  life  of  Belgian  condensers  is  only  eight  to  12  days. 

’o  Silesian  condensers  last  longer.  They  have  to  be  exchanged  when  the 
accretion  of  zinc  oxide  crusts  inside  of  them  prevents  the  introduction  of 
e  charging  scoop,  which  usually  occurs  after  14  to  21  days  of  use,  but 
rK?n  ore,  according  to  Georgi,5  may  occur  in  a  shorter  time. 

and  Alhano  Brand,  in  O.  3  Berg-  u.  Iliittenm.  Ztg.,  XXXY,  73. 

holoirt  ^  IIandbllch  der  chemischen  Tech-  4  Rev.  Unlvers.  des  Mines,  1894,  XXV,  38. 

aBer  °!‘  IV*  ‘Loc.  cIt 

g'  u.  Hiittenno.  Ztg.,  March  2,  1877. 
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Connections. — The  condenser  is  simply  luted  into  the  retort  with  plas¬ 
tic  clay,  which  is  stamped  with  a  hot  iron  of  suitable  shape  so  as  to  make 
a  tight  joint.  When  prolongs  are  employed,  they  may  be  slipped  over  the 
outer  end  of  the  condenser  if  the  latter  be  of  conical  shape,  or  a  small  clay 
tube  may  be  inserted  in  order  to  make  the  connection.  The  shape  of  the 
Silesian  and  Rhenish  condensers  generally  makes  such  tubes  necessary; 
they  are  sometimes  as  long  as  0-2  m.  Such  a  connecting  tube  is  shown  in 
Fig.  158.  The  Silesian  muffle  has  a  step  for  the  condenser  to  rest  on.  as 
shown  in  Fig.  187.  Figs.  1S8  and  189  represent  connections  for  cylindrical 
condensers,  formerly  used.  The  outer  end  of  the  Silesian  condenser  is  closed 
with  an  iron  plate,  having  a  small  hole,  which  is  tightly  luted  in.  The 


Figs.  187  to  189.  Connections  of  Silesian  Muffle. 

connections  of  the  various  kinds  of  retorts  are  shown  in  numerous  of  the 
illustrations  in  Chapter  X. 

Drying  the  Retorts.—' The  finished  retorts,  whether  made  by  hand  or 
by  machine,  arc  removed  to  the  drying  house,  where  they  remain  for  3 
period  varying  from  six  weeks  to  six  months,  the  longer  the  better.  The 
retorts  are  lirst  placed  in  a  room  at  normal  temperature  until  stiff  enough 
to  be  handled  safely,  remaining  there  for  a  period  of  10  to  15  days.  This 
is  the  critical  period  in  the  seasoning  of  the  retort,  and  especially  so  are 
the  first  two  or  three  days.  Sometimes,  as  at  Lasalle,  Ill.,  the  retorts  are 
carried  to  the  first  drying  room  in  wooden  molds,  made  in  segments,  which 
can  be  taken  away  so  as  to  leave  staves  girdled  with  bands  around  the 
retorts  which  will  hold  their  shape  until  sufficient  water  has  dried  out  to 
remove  all  danger  of  distortion.  This  precaution  is  advisable  especially 
where  the  character  of  the  clay  or  method  of  manufacture  require  that  a 


RETORT  AND  CONDENSER  MANUFACTURE. 


247 


large  percentage  of  water  be  used  in  the  batch.  Retorts  made  by  hydraulic 
pressure,  however,  are  usually  still  enough  to  stand  without  danger  even 
when  freshly  made.  During  the  first  period  of  drying  care  must  be  taken 
that  no  draught  of  air  strike  upon  the  retorts,  which  might  cause  them  to 
crack  and  at  any  rate  would  be  apt  to  weaken  them.  When  the  retorts 
have  been  dried  sufficiently  to  be  handled  without  danger,  they  are  removed 
to  the  hot  room,  where  they  remain  until  all  of  their  mechanically  contained 
water  is  eliminated.1  The  temperature  maintained  in  the  hot  room  is 
usually  about  30°  to  35°  C.  (8G°  to  95°  F.),  the  hotter  the  better.  Some 
potteries  are  arranged  so  that  the  retorts  may  be  removed  from  one  hot 
room  to  another  and  perhaps  a  third,  with  gradual  increase  of  temperature. 

In  the  storerooms  the  retorts  are  stacked  upright,  open  end  upward,  and 
commonly  as  close  together  as  possible.  It  is  advisable,  however,  to  leave 
a  little  clear  space  around  each  retort  so  there  will  be  a  free  circulation  of 
air.  In  estimating  storage  capacity  for  Belgian  retorts  of  the  ordinary 
dimensions  it  is  safest  to  allow  1  sq.  ft.  of  floor  space  per  retort,  besides 
the  necessary  alleys  for  access  to  the  stacks.  An  area  of  100  sq.  ft.  will 
afford  room  for  somewhat  more  than  100  retorts,  even  if  the  external  di¬ 
ameter  of  the  latter  be  11  in.,  but  it  is  desirable  to  provide  a  surplus  storage 
capacity  rather  than  a  deficient.  The  aggregate  storage  capacity  required 
is  calculated  from  the  maximum  number  of  retorts  in  the  furnaces  and  the 
length  of  time  they  are  to  be  kept  before  use.  Thus  if  the  plant  comprises 
1344  retorts  and  the  breakage  is  estimated  to  be  3%  per  day  and  the  retorts 
are  to  be  kept  120  days  before  using,  there  must  be  storage  for  1344X0*03 
120=4838  retorts.  The  daily  make  of  retorts  should  be  stamped  with 
the  date  on  each  piece  and  stacked  together. 

Condensers  do  not  require  so  careful  handling  in  drying  or  so  long  a  time 
as  the  retorts.  After  they  have  become  thoroughly  stiff  they  may  bo  stacked 


ln  tiers  two  or  three  high  for  economy  of  floor  space. 

Dksign  of  the  Pottery.— The  pottery,  that  is  to  say,  -the  division  of 
the  works  in  which  the  retorts  and  condensers  and  perhaps  the  spe  cial  re 
<%  shapes  used  in  the  construction  and  repair  of  the  distillation  furnaces 
are  roade,  comprises  two  sections:  (1)  The  factory,  and  (-)  tu  .  ore 
h°use,  which  are  usually  combined  in  one  building.  The  factory  contains 
the  machinery  required  for  the  manufacture  of  the  articles  above  men¬ 
tioned,  while  the  storehouse  is  arranged  to  secure  a  slow  and  gradua 

dr\ing  out  of  the  water  introduced  during  their  manufacture. 

r  wMilpr  was  0-80  to  1*18. 


Am  I)1(',l'rrnlniltl°ns  by  Millilhaeuser  at  an  rentage  fr<<  f  44  parts  raw 

tr*0  W°rks  8h°wed  &•!«%  ~  ^ narfaT cliamotte!^ ground  to  pass 

*77  a"*  15*8S%  free  water  ln  a  freshly  Hay  and  BO  parts  chamotte,  g 

retort.  After  drying  03  days  the  per-  a  No.  10  sieve. 
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glass  and  10  parts  soda,  has  been  used  experimentally,  though  the  practice 
of  glazing  the  retorts  is  by  no  means  general  in  that  district. 

With  many  kinds  of  clay  the  retorts  acquire  naturally  a  glaze  in  the 
distillation  furnace,  the  line  particles  of  ash  carried  over  from  the  fireplaces 
by  the  draught  collecting  on  the  outside  of  the  retorts  and  forming  a  fusible 
coating,  which  possibly  to  a  certain  extent  prevents  the  escape  of  zinc 
vapor.  Whether  the  latter  will  find  egress  into  the  combustion  chamber 
depends  obviously  upon  the  difference  in  the  tension  of  the  vapor  inside  of 
the  retorts  and  that  of  the  gases  of  combustion  on  the  outside.  If  that  differ¬ 
ence  is  sufficient,  the  vapor  will  overcome  the  resistance  of  any  glaze  that 
is  likely  to  remain  upon  the  exterior  surface  of  the  retorts.  The  formation 
of  a  natural  glaze  takes  place  especially  with  fuels  which  have  a  high  per¬ 
centage  of  iron  in  the  ash,  as  is  the  case  with  the  coal  used  in  the  western 
part  of  the  United  States.  At  works  in  Illinois,  Missouri  and  Kansas 
the  retorts  very  soon  become  covered  with  a  dense  brownish-black  glass,  and 
the  corrosion  is  so  active  that  considerable  quantities  of  slag  drip  off  from 
the  retorts.  That  of  course  hastens  the  destruction  of  the  retorts.  The 
action  takes  place  with  furnaces  heated  by  producer  gas  as  well  as  those 
heated  directly  from  a  grate.  With  the  former  type  of  furnaces,  which  have 
a  solid  hearth,  it  is  necessary  from  time  to  time  to  remove  the  stalagmites 
which  accumulate  on  the  hearth.  It  is  noteworthy  that  in  the  furnaces 
fired  with  natural  gas  there  is  no  such  formation  of  a  slag  glaze,  the  fuel 
in  this  case  being  free  from  ash. 

Annealing  Furnaces. — After  the  retorts  have  thoroughly  dried  in  the 
storeroom  of  the  pottery,  they  must  be  annealed  or  tempered,  because  it 
would  never  do  to  put  these  comparatively  fragile  vessels  of  fire  clay  directly 
into  the  distillation  furnaces  where  the  temperature  is  at  least  at  red  heat. 
They  must,  therefore,  be  first  placed  in  a  special  furnace  in  which  they  can 
be  burned  gradually.  In  this  manner  the  water  of  constitution  is  slowly 
eliminated  and  after  burning  the  retorts  are  transferred  still  hot  to  the  dis¬ 
tillation  furnace.  This  refers  of  course  only  to  the  daily  replacement  of 
defective  retorts.  In  starting  a  furnace  on  a  fresh  campaign,  with  a  full 
quota  of  new  retorts,  the  gradual  heating  of  the  furnace  permits  the  retorts 
to  be  installed  directly.  Condensers  arc  burned  in  the  same  manner  as 
retorts,  but  they  are  permitted  to  cool  before  using,  since  they  are  not 
suddenly  exposed  to  intense  heat  when  put  in  place  in  the  distillation 
furnace.  In  Upper  Silesia,  Rhenish  Prussia  and  Westphalia  condensers  arc 
sometimes  put  in  use  without  a  previous  burning,  as  has  been  remarked  in 
a  foregoing  section  of  this  chapter. 

In  Europe  the  annealing  of  the  retorts  is  often  dono  in  ovens  connected 
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with  the  distillation  furnaces,  the  escaping  gases  of  combustion  from  the 
latter  being  utilized  therein.1  Drawings  of  several  furnaces,  especially  of 
the  Silesian  and  Rhenish  types,  with  such  ovens  will  he  found  in  Chapter 
X.  Inasmuch  as  such  ovens  are  generally  small,  containing  only  a  few 
retorts,  it  is  customary  to  provide  an  independent  annealing  furnace  of 
larger  size,  common  to  a  group  of  distillation  furnaces,  which  is  kept  full 
of  hot  retorts  as  a  reserve  in  case  of  the  requirement  of  more  than  the 
oven  combined  with  the  distillation  furnace  will  furnish.  At  other  works 
the  entire  supply  ol  retorts  is  annealed  in  independent  furnaces,  which  is 
the  universal  practice  in  the  United  States. 

The  annealing  furnaces  are  very  similar  to  the  kilns  employed  for  burn¬ 
ing  any  kind  of  refractory  ware,  but  are  of  smaller  dimensions  than  those 
used  in  the  pottery  industry.  They  are  essentially  small  boxes  of  fire 
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Figs.  190  to  192.  Down-Draught  Annealing  Furnace. 

I'ig.  190:  Transverse  section.  Fig.  191:  Longitudinal  section.  Fig.  192:  Plan. 


biick,  with  an  arched  roof  and  an  open  floor  of  lire  clay  tile,  forming  a  kind 
°f  grating,  upon  which  the  retorts  are  placed,  standing  on  end.  Annealing 
furnaces  are  of  two  types,  namely  the  up-draught  and  the  down-draught.  In 
the  former  the  fireplace  is  arranged  under  the  perforated  hearth  and  the 
flames  pass  upward  through  the  holes  in  the  latter,  between  the  retorts,  and 
then  to  the  chimney;  in  the  latter  type  the  fireplace  is  arranged  at  one  side 
°f  the  furnace  and  the  flames  pass  upward  over  a  fire  bridge  into  the  top 
°f  the  furnace  chamber,  whence  they  draw  downward  between  the  retorts 
and  escape  through  the  holes  in  the  hearth  into  a  flue  which  leads  to  the 
in nuy.  The  down-draught  type  of  kiln  is  generally  preferred.  Kilns 
art  built  either  single  or  double,  two  being  united  side  by  side. 

he  general  proportions  of  a  double  furnace  of  each  type  are  shown  in  the 
accompanying  engravings.  The  capacity  of  such  a  furnace  is  governed,  of 


ls  com'i  nnnea,*n,>  of  retorts  in  that  manner 
the  utill"ratlV<ly  fr<‘<‘  fr,,m  the  objection  to 
tlllatloi/V1011  °*  waste  heat  of  the  dis- 
l,,naces  for  blende  roasting,  be- 


ces 


cause  the  annealing  process  Is  itself  an  in¬ 
termittent  one,  of  which  the  rise  and  fall 
may  correspond  somewhat  to  those  of  the 
process  of  distillation. 
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course,  by  its  hearth  area  and  the  external  cross-sectional  dimensions  of  the 
retorts.  The  single  furnace  which  used  to  be  employed  at  Pittsburg,  Kan 
was  commonly  of  a  size  to  hold  about  30  retorts,  one  furnace  usually 
supplying  the  whole  plant.  At  lola  they  build  smaller  furnaces  and  put 
one  between  every  pair  of  distillation  furnaces  (blocks).  These  kilns  bein<' 
heated  by  natural  gas  are  quite  simple,  the  gas  burners  being  introduced 


Figs.  193  to  190.  Sketch  for  Double,  Up-Draught  Annealing 

Furnace. 


through  ports  on  opposite  sides  directly  under  the  grated  tiling  on  which 
the  retorts  stand. 

1  he  number  of  retorts  that  must  be  burned  daily  depends  upon  the 
average  breakage  in  the  distillation  furnaces.  Silica*,  however,  in  giving 
an\  average,  there  will  be  some  days  when  more  arc*  broken  than  on  other 
davs,  preparations  must  be  made  to  supply  the  maximum  number.  The 
requisite  number  of  retorts  is  transferred  from  the  storehouse  to  the  kilns 
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during  the  morning  of  each  day.  The  kilns  are  tired  up  about  noon,  gently 
at.  first  and  gradually  with  more  coal,  until  finally  a  temperature  of  approxi¬ 
mately  750°  to  800°  C.  is  attained.  The  maneuver  on  the  distillation  fur¬ 
naces  begins  about  6  a.  m.,  and  lasts  until  10  or  11  a.  m.,  during  which  any 
defective  retorts  are  replaced,  new  retorts  being  taken  from  the  tempering 
furnace  as  required.  This  is  done  by  three  men,  one  of  whom  reaches  into 
the  furnace  with  a  pair  of  tongs  and  grasping  a  retort  by  an  edge  of  the 
open  end  drags  it  out  of  the  furnace.  An  iron  bar,  usually  a  piece  of  1  in. 


Figs.  197  to  199. 
Sketch  for  Double, 
Down-Draught 
Annealing 
Furnace. 


or  1%  in.  pipe,  10  or  12  ft.  long,  is  then  inserted  in  the  retort  while  two 
nicn  Pass  a  bent  bar  under  the  retort  and  thereby  carry  it  to  the  distillation 
furnace,  the  third  man  maintaining  the  balance  by  means  of  the  lonr  >ar. 
Arrived  at  the  distillation  furnace,  the  two  men  holding  the  bent  ar,  ra  s 
the  C«<1  of  the  retort  to  the  shelf  of  the  niche  in  which  it  is  to  be  inserted, 
^nd  the  third  man  shoves  it  into  place  by  means  of  the  long  ><ir. 

0  tempering  furnace  has  been  discharged  it  is  allowed  to  coo  <  n.  « 

"  en  it  is  sufficiently  cool  to  permit  access  to  its  interior  a 
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retorts,  the  supply  for  the  next  day,  is  introduced.  The  actual  time  of 
tempering  is  generally  about  15  hours,  but  it  ma\  be  as  short  as  12  hours. 
It  should  be  sufficiently  long  to  insure  the  elimination  of  the  water  of  con¬ 
stitution  of  the  clay,  which  is  expelled  between  3 <5°  and  G6U°  C.,  after 
which  the  retort  is  in  safest  condition  for  handling.  Condensers  are  burned 
in  large  lots  and  kept  in  stock,  which  is  drawn  upon  as  required. 

It  should  go  without  saying  that  the  annealing  kilns  ought  to  be  situated 
conveniently  with  reference  to  the  distillation  furnaces,  which  they  are  to 
serve.  It  is  not  difficult  to  arrange  them  so  when  the  distillation  furnaces 
are  large  and  require  many  retorts,  but  with  small  furnaces  it  is  not  so 
easy.  For  example,  a  plant  comprising  five  Belgian  furnaces  of  224  retorts 
each,  a  total  of  1120  retorts,  with  a  maximum  breakage  of  3%  will  require 
only  34  retorts  per  day,  a  number  that  can  be  annealed  in  a  comparatively 
small  kiln,  which  may  be  made  to  serve  the  five  distillation  furnaces, 
although  if  the  latter  are  arranged  in  line,  as  is  the  common  way,  Xos.  1 
and  5  will  be  rather  remote  from  the  tempering  furnace.  This  difficulty 
is  illustrated  in  many  of  the  works  of  Kansas  and  Missouri.  At  Iola,  where 
the  distillation  furnaces  are  larger,  it  is  the  general  practice  to  place  a 
tempering  furnace  between  two  opposite  distillation  furnaces,  whereby  each 
kiln  serves  600  or  GGO  retorts. 

Xox-Corrosiye  Retort  Liking. — Benjamin  Sadtler,  of  Denver,  Colo., 
has  patented1  a  zinc  retort  which  consists  of  the  ordinary  cylindrical  vessel 
of  refractory'  material,  provided  with  a  basic  lining  about  0T25  in.  in  thick¬ 
ness.  As  basic  material,  magnesia,  chromite,  corundum,  or  titaniferous 
iron  ore,  may  lie  used  ;  no  special  claim  is  made  to  anv  particular  substance. 
1  his  lining  is  prepared  by  application  of  a  solution  of  sodium  silicate  to  the 
interior  of  the  retort,  after  which  the  refractory  material  pulverized  to 
pass  a  20-mesh  sieve,  or  about  that  size,  and  free  from  fine  dust  is  intro¬ 


duced,  and  by  rotation  of  the  retort  in  a  suitable  framework  is  m<mc 
adhere  to  the  inner  walls  as  an  even  coating.  When  the  retort  is  burned 
in  the  ordinary  manner  the  sodium  silicate  sinters  with  the  clav  of  the 
retort  on  one  hand  and  the  coating  of  refractorv  material  on  the  other  and 
produces  a  firm  and  dense  lining,  which  is  claimed  to  resist  the  corrosive 
influence  of  high  percentages  of  iron,  manganese,  etc.,  which  would  he  fatal 
to  distillation  in  an  ordinary  clay  retort.  By  the  use  of  the  retorts  above 
described  the  inventor  proposes  to  treat  the  mixed  sulphide  ores  of  Colorado 

and  elsewhere  by  roasting  and  distillation,  and  patents  have  also  been  taken 
out  on  that  process. 


1  T  nited  St  atm  Pnlont  No.  (it  2.722.  Feb  0  looti 
Patent  Nos.  1892,  1803  and  lSOt 


No.  050.208 ;  Aug. 
all  of  Jan.  30,  1000. 


21.  1900; 


Britisl' 
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A  furnace  to  demonstrate  the  utility  of  the  Sadtler  retorts  was  erected 
at  Denver  and  ran  for  a  brief  campaign,  as  to  which  Professor  Sadtler  com¬ 
municated  the  following  results:1 

“Two  separate  runs  were  made,  one  of  89  consecutive  days,  the  other  of 
42.  The  furnace  contained  30  retorts  of  the  regular  size,  which  were  pur¬ 
chased  in  Missouri.  They  were  lined  with  various  basic  substances.  In 
the  run  of  89  days  a  loss  of  10  retorts  was  experienced,  all  of  which  was  by 
breakage,  none  being  corroded.  The  total  loss  was  equivalent  to  a  daily 
loss  of  one  in  207.  The  ore  which  was  smelted  assayed  before  roasting 
from  16  to  30-5%  Fe,  from  1*5  to  12-89%  Pb,  from  2  to  9%  SiO„  and 
from  16-5  to  37-5%  Zn;  its  silver  content  varied  between  5  and  17  oz.  per 
2000  lb.;  its  gold  content  from  $1  to  $11  per  2000  lb.  The  spelter 
which  was  produced  assayed  from  0-52  to  1-12%  Pb  and  from  0-0G  to  0-12% 
Fe;  it  was  free  from  gold  and  silver.  The  residues  drawn  from  the  retorts 
assayed  from  4-2  to  8-5%  Zn  and  contained  all  of  the  gold,  silver,  copper 
and  iron  originally  present  in  the  ore  and  practically  all  of  the  lead.  In 
the  second  run  of  42  days  the  residues  assayed  only  5-4%  Zn.  The  recovery 
of  zinc  ranged  from  70  to  84%  and  was  irregular  because  the  temperature 
of  the  small  furnace  could  not  be  governed  properly.  The  ores  treated 
were  not  roasted  so  low  as  1%  S,  but  notwithstanding  that  the  percentage 
of  zinc  retained  by  the  residues  from  the  retorts  was  very  low.  This  was 
attributed  to  reduction  of  metallic  iron,  which  decomposed  the  imperfectly 
roasted  blende  and  liberated  its  zinc.  A  good  deal  of  iron  shot  and  some 
large  pieces  of  metallic  iron  were  found  in  the  retort  residues.  This  iron 
contained  a  noteworthy  quantity  of  the  precious  metals,  especially  gold. 

The  Sadtler  retorts  were  subsequently  used  in  regular  operation  by  the 
Midland  Smelting  Co.,  of  Bruce,  Kan.,  where  ferruginous  blende  lrom 
Leadville,  Colo.,  was  treated  successfully,  it  is  reported.  The  argentif¬ 
erous  residuum  drawn  from  the  retorts  was  sold  to  lead  smelters.  A  diffi¬ 
culty  was  experienced  through  cracking  of  the  non-corrosive  lining,  which 
thereby  afforded  the  slag  an  opportunity  to  eat  through  the  retort.  The 
"lag  dripping  down  upon  the  underlying  retorts  of  the  same  tier,  the  latter 
Were  corroded  from  the  outside.  To  obviate  that  difficulty  the  plan  of 
giving  the  retorts  an  external  coating  on  the  side  which  is  to  lie  uppermost 
'Q  the  furnace  has  been  proposed.  Since  the  works  at  Bruce  \urc  closed, 
they  having  had  direct,  coal-fired  furnaces,  which  are  no  longer  economical 
^  Kansas,  the  Sadtler  retorts  have  been  adopted  by  the  Cherokee-Lanyon 
Spelter  Co.  at  its  works  in  the  Iola  district,  where  all  the  furnaces  have  been 
provided  and  run  with  them  for  more  than  a  year.  Crushed  chromite  is 

'  Unjr.  and  M:n.  .Tourn..  Sept.  20,  1900. 
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employed  as  the  lining  material.  The  cost  of  the  latter  is  the  chief  element 
of  expense  in  preparing  the  retorts.  According  to  Professor  Sadtler1 
one  man  at  $2  per  day  with  a  helper  at  $1*50  can  line  70  or  80  retorts 
making  the  labor  cost  approximately  4-G7c.  The  material  required  per 
retort  is  10  to  12  lb.  of  crushed  chrome  ore,  assaying  50%  Cr203,  and  2-5  lb 
of  silicate  of  soda.  The  cost  per  retort  may  be  reckoned  therefore  as,  labor. 
4-67c.;  11  lb.  chrome  ore  @  l-5c.,  lG-5c. ;  2-5  lb.  silicate  of  soda  @  l-2c.,  3c.- 
total,  approximately,  25c. 


1  Private  communication. 


VIII. 


FUEL  AND  SYSTEMS  OF  COMBUSTION. 

The  zinc  distillation  furnace  is  essentially  a  simple  heating  furnace, 
i.e.,  nothing  is  required  of  the  combustion  of  the  fuel  beyond  the  produc¬ 
tion  of  the  necessary  temperature  and  no  particular  chemical  conditions 
such  as  an  oxidizing  atmosphere  (vide  the  roasting  furnace)  or  a  neutral 
atmosphere  (vide  the  refining  furnace)  have  to  be  maintained.  The  dis¬ 
tillation  furnace  is  therefore  analogous  to  the  pot  melting  furnace  for  glass 
making  and  even  more  analogous  to  the  retort  furnace  used  for  the  dis¬ 
tillation  of  coal  for  illuminating  gas.  The  chief  part  of  the  zinc  distilla¬ 
tion  furnace  is  therefore  to  present  a  laboratory  in  which  a  high  tempera¬ 
ture  may  be  attained  and  maintained  in  an  economical  and  practicable 
manner.  Other  considerations  are  the  building  of  a  strong  and  stable 
structure  and  its  arrangement  for  the  proper  reception  of  the  retorts.  Be¬ 
fore  taking  up  the  design  of  such  furnaces,  however,  it  is  well  to  review 
tbe  principles  of  the  combustion  of  fuel,  whereby  the  required  heat  is 
obtained. 

*1  he  combustion  of  fuel  is  purely  a  chemical  operation,  wherein  oxygen  is 
roade  to  combine  with  some  other  element  with  which  it  has  an  exothermic, 
or  heat  evolving,  reaction.  Considered  thus  broadly  many  elements  are 
fuels,  but  in  general  metallurgy  only  carbon,  hydrogen  and  sulphur  arc  of 
Rreat  importance  in  the  development  of  heat  by  combination  with  oxygen, 
and  commonly  under  the  classification  of  fuel  we  refer  only  to  carbon  in 

various  forms  and  the  combinations  of  carbon  and  hydrogen.  Those 
substances  are  utilized  as  bituminous  and  anthracite  coal,  lignite,  peat, 
w>kc,  wood,  charcoal,  petroleum  and  natural  gas,  which  vary  in  composition 
und  character  as  elsewhere  described.  In  their  combustion  the  carbon  and 
.\drogen  of  their  constitution  combine  with  oxygen  in  definite  proportions, 
grossed  by  chemical  formulae  and  liberate  a  definite  amount  of  heat  meas- 
1Irwl  in  arbitrary  units. 

Quantitative  Measurement  of  Heat.— The  quantitative  measurement 
or  lu'at  is  referred  to  water  and  the  conventional  thermometric  scales  as 
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standards.  Thus  the  calorie  is  the  quantity  of  heat  required  to  raise  1  kg 
of  pure  water  one  degree  centigrade  in  temperature  at  or  near  4°  C. ;  this 
being  sometimes  an  inconveniently  large  unit  the  gram-calorie  is  frequently 
used,  which  is  the  quantity  of  heat  required  to  raise  1  g.  of  water  1°  (j 
in  temperature.  The  British  thermal  unit,  or  B.  T.  U.,  is  the  quantity  of 
heat  required  to  raise  1  lb.  of  water  1°  F.  at  or  near  39-1°  F.,  while  the 
pound-calorie  is  the  quantity  required  to  raise  1  lb.  of  water  1°  C.  Con¬ 
sequently  1  calorie=3-90832  B.  T.  IT.,  and  1  B.  T.  U.=0-251996  calorie; 
1  pound-calorie=2-2046  B.  T.  U.=0-55556  calorie.  The  B.  T.  U.  is 
equivalent  to  778  ft.-lb.  of  energy,  and  1  h.  p.  being  equivalent  to  33,000 
ft.-lb.  per  min.  corresponds  to  42-416  B.  T.  U.  per  min. 

The  conversion  of  the  quantity  of  heat  developed  by  the  combustion  of 
1  kg.  of  a  substance  expressed  in  calories  into  the  equivalent  of  1  II).  ex¬ 
pressed  in  British  thermal  units  may  be  done  as  follows:  One  calorie 
=3-968  B.  T.  U.;  but  since  1  kg.=2-2046  lb.,  3-968-^2-2046=1-8.  There¬ 
fore,  if  the  number  of  calories  generated  by  1  kg.  be  multiplied  by  1-8  the 
product  will  be  the  number  of  B.  T.  U.  per  lb.  For  example,  if  the  heat 
of  combustion  of  1  kg.  of  C  to  C02  be  8080  calories,  that  of  1  lb.  is  8080 
X  1-8=14,544  B.  T.  U.1  Similarly,  since  1  B.  T.  U.=0-252  calorie 
the  conversion  of  B.  T.  U.  per  lb.  into  calories  per  kilogram  is  made  by 
multiplying  by  0-55555,  which  factor  is  obtained  from  0-252X2-2016= 
0-55555. 


Ihe  quantities  of  energy  and  heat  given  in  thermal  equations  refer  to 
such  quantities  of  the  substances  as  amount  to  their  formula  weight  in 
grams.  I  or  example,  the  thermal  equivalent  of  carbon  burned  to  C02  is 
96.960  calories.  In  the  equation  C-{-20=C02,  12  g.  of  carbon  (its  equiva¬ 
lent  weight)  are  used.  The  unit  of  carbon"is  8080;  hence  8080X12= 
9(5,960  gram-calories=96-960  kg. -calories. 

Classification  of  Coals. — The  only  kinds  of  fuel  which  concern  the 
zme  smelter,  at  present  at  least,  are  coal,  either  anthracite  or  bituminous, 
and  natoial  gas.  Of  the  two,  coal  is  by  far  the  more  important,  it  being 
the  fuei  upon  which  the  European  smelters  and  the  Eastern  smelters  of  the 
nitu  States  are  obliged  to  rely;  it  is  only  the  smelters  of  Indiana  and 
Kansas  who  enjoy  the  luxury  of  natural  gas. 

lhe  coals  available  for  fuel  are  classified  variously,  especially 
re.  pee  to  t  e  bituminous  coals.  An  old  classification  based  solely  on  the 
c  laracter  of  the  coke  produced,  divided  coals  into  two  classes,  caking  or 
n„,  according  as  the  coke  produced  formed  a  compact  or  pulveru- 


1  This  Is  the 


determination  of 


*a^re  an<*  ^Uberman.  Bertlielot  gives  14,047. 
14,000  is  frequently  employed. 


The  figure 
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lent  mass.  Percy  classed  coal  into  three  varieties:  (1)  Xon-caking,  or 
free-burning,  rich  in  oxygen;  (2)  caking;  (3)  non-caking,  rich  in  carbon. 
This  classification  was  based  on  the  chemical  composition  of  the  coals  and 
therefore  on  their  calorific  power.  Another  classification,  much  used  in 
Europe,  divided  coal  not  only  according  to  the  character  of  the  residue  left 
after  dry  distillation,  but  also  according  to  the  length  of  the  flame  pro¬ 
duced  in  combustion.  Thus  Gruner  distinguished  five  types  of  bituminous 
coal,  as  follows  :x 

(1)  Xon-caking  coals  with  long  flames :  These  coals  which  most  closely 
approach  lignite  in  character  yield  55  to  G0%  of  pulverulent  coke,  the 
evolution  of  volatile  matter  giving  rise  to  a  long  smoky  flame.  In  compo¬ 
sition  they  show  75  to  80%  C,  4-5  to  5-5%  H  and  15  to  19-5%  0  and  X, 
the  ratio  of  the  oxygen  to  the  hydrogen  being  3:1  or  4:1. 2  In  calorific 
power  they  range  from  8000  to  8500  calories,  1  lb.  of  coal  being  capable 
of  evaporating  from  8  to  10  11).  of  water. 

(2)  Caking,  long  flame  gas  coal:  The  coals  of  this  type  yield  60  to 
08%  of  caked,  but  very  friable  and  porous,  coke  and  32  to  40%  of  volatile 
matter,  of  which  17  to  20%  is  gas.  In  composition  they  vary  from  80  to 
85%  C,  5  to  5-8%  H  and  10  to  14*2%  O  and  X,  the  calorific  power  ranging 
from  8500  to  8800  and  the  factor  of  evaporation  from  8  to  9*7. 

(3)  Bituminous  or  furnace  coal:  These  coals  burn  with  a  smoky 
flame,  at  the  same  time  softening  and  intumescing  in  the  fire.  They  yield 
68  to  74%  of  caked  and  swollen  coke  and  15  to  16%  of  gas.  In  compo¬ 
sition  they  contain  from  84  to  89%  C,  5  to  5-5%  II  and  5*5  to  11%  O 
and  X,  the  ratio  of  the  oxygen  to  the  hydrogen  being  1:1.  Their  calorific 
power  varies  from  8800  to  9300  and  their  factor  of  evaporation  from  9-7 
to  11. 


(4)  Caking  coals  with  short  flame:  These  yield  74  to  82%  of  caked 
and  very  compact  coke  and  12  to  15%  of  gas.  They  contain  88  to  91%  C, 
4-5  to  5-5  H  and  5-5  to  6-5%  O  and  X,  the  ratio  of  the  oxygen  to  the  hydro¬ 
gen  being  1:1.  Their  calorific  power  varies  from  9300  to  9600  and  the 
factor  of  evaporation  from  11  to  12. 

(5)  Anthracite  coals:  These  yield  82  to  92%  of  pulverulent  or  fritted 
coke  and  12  to  8%  of  gas.  They  burn  with  a  short  flame.  They  contain 
from  90  to  93%C,  4  to  4-5%  H  and  3  to  5-5%  O  and  X,  the  ratio  of  the 


Stu(f'0,  ertR  ^USten’  Introduction  to  the 
t  *'  °*  ^tallurgy,  fourth  American  edi¬ 
tion,  p.  214. 

2  Tl,n 

rarei  -  Percentage  of  nitrogen  in  coal  is 
onjy  J  ,  m°re  Hum  1-5%,  and  generally  is 
in  a  a  ^  Tbe  Percentage  of  oxygen 
Coa  *las  an  important  effect  on  its 


heating  power.  It  is  not  known  in  pre¬ 
cisely  what  form  it  exists,  but  it  is  not  free 
and  is  assumed  to  he  present  ip  combination 
with  hydrogen,  the  availability  of  which  for 
further  oxidation  is  thus  reduced  by  one 
eighth  of  the  weight  of  the  oxygen,  where¬ 
fore  “available  hydrogen’ =11 -0-125  O. 
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oxygen  to  the  hydrogen  being  0-5:1.  Their  calorific  power  varies  fr 
0200  to  9500  and  their  evaporative  factor  from  10-8  to  11-4.  Th.  .  i" 

are  intermediate  between  the  bituminous  coals  and  the  true  anthracite^, ft! ' 
United  States  (vide  p.  261).  ot  the 

The  reason  why  some  coals  should  have  the  caking  property  and  others 
should  not  is  not  clear,  non-caking  coals  being  often  of  very  similar  chemical 
composition  to  those  in  which  the  caking  property  is  highly  developed 
Ihe  caking  coals  undergo  an  incipient  fusion  or  softening  when  heated 
so  that  the  fragments  coalesce  and  yield  a  compact  coke,  while  the  non- 
cakmg  coals  (also  called  free-burning)  preserve  their  form,  producing  a 
coke  which  is  serviceable  only  when  made  from  large  pieces  of  coal  °the 
smaller  pieces  being  incoherent.  It  is  found  that  caking  coals  lose  their 

Sep3  Whw,  °!I!?Se<1, t0  the  a'r  for  a  lonS  Pt,rio11  or  b>'  beating  to  about 
.,  and  that  the  dust  or  slack  of  a  non-caking  coal  may  in  some  cases 

be  converted  into  a  coherent  coke  by  exposing  it  suddenly ‘to  a  very  high 
temperature.  J  b 

The  distinction  between  long-flaming  and  short-flaming  coals  is  not  often 
made  in  the  United  States.  A  long-flaming  coal  is  simply  one  having  a 
high  percentage  of  volatile  matter,  which  gives  off  a  long  flame  when 
>urned  in  an  ordinary  furnace  because  of  the  difficulty  of  supplying  the 
volatile  matter  with  a  sufficient  quantity  of  hot  air  to  insure  its  complete 
combustion  Phe  manner  in  which  coal  is  burned  has  a  great  effect  upon 

i  3  'artoa  ’  ^01  example,  if  burned  with  free  access  of  air  merely 

glows  -  but  if  burned  with  a  limited  supply  of  air  in  a  thick  bed,  wherein 
e  products  of  combustion  from  the  lower  part  will  pass  through  the 
upper  part,  carbon  monoxide  will  be  formed  and  will  burn  with  a  blue 
ame.  The  same  phenomenon  can  be  produced  in  the  case  of  hard  coal 

,,  ^  matter,  and  is  taken  advantage  of  in 

me  oi  o  c  inker  grate  firing,  wherein  a  thick  bed  of  coal  is  carried 
k  ^ ra t <  to  iflYtt  an  incomplete  combustion  in  the  fireplace  followed 
by  a  secondary  combustion  of  the  carbon  monoxide  in  the  furnace,  thus 
elongating  the  flame  of  a  lean  coal.  This  verges  upon  gas  firing. 

t  oals  are  also  classed  sometimes  as  “lean”  or  “fat,”  which  classification 
corresponds  more  or  less  to  “short-flaming”  and  “long-flaming.”  All  of 
the  above  classifications  are  more  common  in  Europe  than  in  America, 
n  <on'<nurd  classification  of  coal  is  based  on  the  relative  percentages  of 
xed  carbon  and  volatile  matter  contained  in  their  combustible  portion 
imiii)(  b\  proximate  analysis.  Such  a  classification  as  is  commonly 
employed  in  the  United  State*  is  shown  in  the  folIowins  table' : 

•William  Kent.  Steam  Boiler  Economy,  p.  42. 
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Cbn. 

%  Fixed 
carbon. 

%  Volatile 
matter. 

Heating  value 

per  lb.  of 

combustible 
B.  T.  U. 

Relative 
value  of 
combus¬ 
tible. 

Anthracite . 

97  0  to  92*5 

3*0  to  7*5 

(14,600 

(14,800 

93 

Semi-anthracite - 

92*5  "  87*5 

7*5  “  12*5 

.114,700 

(15.000 

94 

Semi-bituminous. . . . 

87*5  ••  75*0 

12*5  “  25*0 

(15,500 

(16,000 

100 

Eastern  bituminous. 

75*0  “  60*0 

25*0  “  40*0 

)  14,800 
(15.200 

95 

Western  bituminous. 

05*0  “  50*0 

35*0  M  50*0 

,(  1 3  500 
(14,800 

90 

Lignite . 

under  53 

over  50 

.(11,000 

(13,500 

77 

Peixciples  of  Combustion. — The  combustion  of  coal  or  natural  gas  is 
simply  a  chemical  process,  whereby  their  carbon  and  hydrogen  constituents 
are  oxidized  to  carbon  dioxide,  carbon  monoxide  and  water,  a  definite 
quantih  of  heat  being  developed  by  the  respective  reactions.  The  quantity 
of  heat  developed  is  the  same  whether  a  pound  of  coal  be  burned  in  one 
minute  by  rapid  combustion  in  a  furnace,  or  in  ten  years  by  slow  oxidation 
under  exposure  to  the  atmosphere,  but  the  temperature  attainable  depends 
upon  the  rapidity  of  the  combustion,  or  rather  upon  the  means  of  conserv¬ 
ing  the  heat  evolved.  The  theoretical  temperature  attainable  in  the  com- 
JUstion  of  any  fuel  may  be  calculated  from  the  following  formula : 


T=(B.T.U.)-KWXS), 

in  which  B.  T.  IT.  =  number  of  British  thermal  units  generated  by  the 
combustion;  \\  =  weight  of  the  gaseous  products;  and  S=speeific  heat  of 
die  gaseous  products. 

It  is  evident  from  the  above  formula  that  the  rapidity  of  the  combustion 
j8  no^  a  function  of  the  temperature,  which  is  determined  by  the  conserva- 
>on  of  the  heat  evolved.  Inasmuch,  however,  as  the  quantity  of  heat  radi- 
ct  from  a  given  mass  of  fuel  is  a  function  of  the  time,  a  larger  pro- 
is  r  1011  ^ea^  generated  may  be  lost  by  radiation  when  the  combustion 

d^t'erj  slow,  wherefore  the  temperature  that  can  be  obtained  is  indirectly 
trm,ued  by  the  rate  of  combustion,  and  in  general  the  more  rapid  the 
la  a  ,U^10n  fbe  higher  the  temperature  that  can  be  produced.  The  advan- 
^  0  high  rates  of  combustion  is  commonly  overestimated,  however,  since 
hou  ^  °rt^nar-v  rate  °f  16  lb.  of  coal  per  square  foot  of  grate  surface  per 
and  ^  ^*r<  furnaces  the  percentage  of  heat  lost  bv  radiation  is  small 

tainedaCC°r<ling  t0  Williara  Kent,'  the  actual  temperature  that  may  be  at- 
i-ato'  Vr11  ,)C  VeTy  noarl>'  as  high  with  that  rate  of  combustion  as  with  a 
^6  or  40  lb.  of  coal  per  square  foot  per  hour.  Practically  the  tern- 
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perature  of  a  fire  is  largely  a  function  of  the  proportion  of  excess  air  used 
in  the  combustion  of  the  fuel. 

The  supply  of  air  also  governs,  together  with  other  conditions,  the  degree 
of  combustion  of  coal  and  natural  gas,  as  well  as  of  other  fuel.  In  the 
case  of  coal,  when  the  combustion  is  complete,  the  whole  of  the  carbon  is 
burned  to  dioxide,  C02,  each  pound  of  carbon  generating  14,000  B.  T.  U.; 
and  the  whole  of  the  hydrogen  is  burned  to  aqueous  vapor,  H,0,  each 
pound  of  hydrogen  generating  02,000  B.  T.  U.  This  development  of  heat 
is  not  fully  realized,  however,  since  a  part  of  that  resulting  from  the 
combustion  of  the  hydrogen  is  absorbed  as  the  latent  heat  of  evaporation 
of  the  9  lb.  of  water  produced  per  pound  of  hydrogen,  while  another  part  is 
consumed  in  superheating  to  the  temperature  ot  the  furnace  that  steam  and 
also  the  steam  that  may  he  derived  from  moisture  in  the  coal  or  in  the  air 
supplied  to  the  furnace. 

The  ability  to  attain  a  high  temperature  at  a  comparatively  moderate 
rate  of  combustion  must  not  be  confused  with  the  development  of  the 
requisite  quantity  of  heat,  which  is  a  direct  function  of  the  quantity  of  fuel 
burned.  Furnaces  in  which  a  high  temperature  and  great  quantity  of  heat 
are  both  necessary  arc  generally  designed  therefore  for  a  high  rate  oi  com¬ 
bustion  on  the  grate. 

Imperfect  Combustion. — Imperfect  combustion  results  when  the  carbon 
of  a  fuel  is  converted  into  monoxide,  CO,  instead  of  into  dioxide,  C02> 
the  formation  of  carbon  monoxide  may  result  either  from  the  direct  oxida¬ 
tion  of  carbon  to  that  product,  or  from  the  reduction  of  carbon  dioxide  by 
another  molecule  of  carbon  according  to  the  equation: 

C02+C=2C0. 

The  above  reaction  takes  place  when  the  carbon  dioxide  produced  by  the 
combustion  of  carbon  on  the  grate  is  reduced  in  passing  through  a  bed  of 
red-hot  coke  by  another  part  of  carbon.  This  is  a  cooling  process,  in  which 
10,150  B.  T.  U.  are  absorbed  per  pound  of  carbon  originally  burned  to 
dioxide,  wherefore  if  the  reduction  occur  to  the  extent  that  all  the  dioxide 
is  reduced  to  monoxide,  the  heat  generated  by  the  combustion  of  1  lb- 
carbon  is  14,600-10,150=4450  B.  T.  U.  This  reaction  and  its  thermal 
results  arc  very  important  considerations  in  gas  firing. 

Imperfect  combustion  results  also  from  the  distillation  of  the  hydro¬ 
carbons,  or  volatile  matter,  of  coal  which  may  escape  unburned,  or  of  which 
only  the  hydrogen  may  be  burned  leaving  the  carbon  in  the  form  of  soot  or 
smoke  to  be  carried  off  in  the  gases  passing  out  of  the  furnace.  All  ih( 
products  of  imperfect  combustion,  whether  it  he  carbon  monoxide  or  hydro- 
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carbons  or  soot  produced  by  the  dissociation  of  the  latter  may  be  burned, 
however,  if  they  be  brought  into  contact  with  a  sufficient  supply  of  highly 
heated  air  iu  a  very  hot  chamber.  This  is  contrary  to  the  statement  to  be 
found  in  many  treatises  on  the  combustion  of  fuel,  which  has  been  copied 
from  one  of  the  old  works,  to  the  effect  that  smoke  once  produced  cannot 
be  burned.1  William  Kent,  a  well  known  and  expert  authority  on  this 
subject,  demonstrated  the  fallacy  of  that  statement  by  a  simple  experiment. 
A  short  piece  of  candle  was  placed  inside  of  a  tall  narrow  tin  cylinder. 
The  deficient  supply  of  air  the  candle  thus  received  caused  it  to  give  off 
a  column  of  black  smoke.  This  was  made  to  pass  into  the  central  draught 
tube  of  a  Rochester  kerosene  lamp.  As  it  passed  up  into  the  flame  of  the 
lamp  it  was  completely  burned,  not  a  trace  of  smoke  being  visible  in  the 
lamp  chimney.  The  experiment  was  also  made  with  a  larger  volume  of 
smoke,  produced  by  burning  paper  under  the  lamp,  with  the  same  result.2 

Calculations  Respecting  the  Combustion  op  Fuel. — The  ultimate 
analysis  of  a  fuel  being  known,  i.e.,  its  percentage  of  carbon,  hydrogen, 
sulphur,  nitrogen,  etc.,  the  weight  and  volume  of  the  air  required  for  its 
combustion,  and  the  weight  and  volume  of  the  gases  that  will  be  produced, 
can  be  calculated  just  as  in  the  case  of  any  chemical  reaction  and  by  the 
same  rules.  In  designing  a  furnace  for  metallurgical  purposes  in  which 
the  combustion  of  fuel  is  so  highly  an  important  matter  as  it  is  in  the  dis¬ 
tillation  of  zinc  ore,  it  is  evident  that  in  order  to  obtain  the  maximum 
efficiency  the  proportions  of  the  furnace,  including  the  grate  area,  the  vol¬ 
ume  of  the  laboratory  or  combustion  chamber,  and  the  area  of  the  flues 
and  chimney  and  the  height  of  the  last  should  be  planned  with  reference  to 
fhe  volume  of  the  gases  that  must  pass  through  them,  their  temperature 
and  other  factors.  However,  this  is  but  rarely  done,  not  merely  in  the 
design  of  zinc-smelting  furnaces,  but  in  all  other  kinds  of  metallurgical 
furnaces,  and  indeed  the  subject  has  been  as  yet  studied  so  imperfectly  by 
Metallurgists  that  much  of  the  data  that  is  required  for  such  calculations 
Is  dill  lacking.  The  design  of  metallurgical  furnaces  in  accordance  with 
udl  known  physical  laws  has  not  yet  been  attempted,  except  in  few  in¬ 
dances,  and  naturally  little  is  to  be  found  with  respect  thereto  in  existing 
Metallurgical  treatises.  Tn  so  far  as  gas  firing  is  concerned,  however,  an 
excellent  presentation  has  been  made  in  a  treatise  on  Regeneraiiv-Gasoefen, 
Published  in  1898.  by  Friedrich  Toldt,  an  instructor  at  the  K.  K.  Berg- 
ad*  mie  at  Leoben,  Austria,  whose  work  may  be  studied  profitably. 

ula  as  to  the  quantities  of  material  involved  in  the  combustion  of  vari- 

1  Charles  Wye  Williams,  on  tlie  Combustion  of  Coal  and  the  Prevention  of  Smoke. 

2  Steam  Boiler  Economy,  p.  0. 
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mis  fuels  are  given  in  the  following  table,  which 
treatise  by  Toldt  referred  to  above: 


is  transcribed  from  the 


QUANTITY  OF  AIR  REQUIRED  FOR  THE  COMBUSTION  oir  nvn  t-h 
_  VARIOUS  FUELS  AND  WEIGHT  AND  VOLUME  OF  GASES  PRODUCED^  °F 


oxygen  weighs  1-430  gff  ^.”£=1*955**  ^r-l  form  *’33  kg-  of  air-  One  liter  of 

.r the  ^ 5 


WEIGHT  IN  THE  COMBUSTION  OF  CARBON, 

ill JJROGEN,  HYDROCARBONS  AND  SULPHUR. 


Fuel 

Burned  to 

Lb.  O 

Lb.  N 

Lb.  air 

Lb.  gas 
produced 

C 

C 

CO 

II 

CSH‘ 

8 

•  WO*  * 

Id 

c 

267 

1-33 

057 

8-00 

4-(X) 

POO 

8  85 
4*43 
P90 
26*56 
1328 
3*33 

n-52 

•5-70 

247 

34-56 

17-28 

4-33 

1252 

6-76 

347 

3556 

18*38 

5-33 

TllTtf7 11 1 Air  P\equired  Practically  for  the  Combustion  of  Coal - 
of  air  p*  V  le  C0mbastl0n  of  1  M).  of  carbon  to  dioxide  requires  11*52  lb. 

.  ractlCa,.y  under  the  ordinary  conditions  of  chimney  draught  that 
of  if  t'  (1S  ?r!f  ;  exccedcd.  Donkin  and  Kennedy  showed  in  the  results 
ll  to  'll  t Stlaim-b0iler  installations  that  the  air  supply  ranged  from 
coal  are  to  r  1  il  (  ff<  Cts  °f  an  exccss  of  air  upon  the  combustion  of 
tive  weight  fTi  the  t_emperature  Pr°duced  thereby  and  increase  the  rela- 

0f  C0mbusti0n-  AWumgh  the  initial  volume 
is  to  be  no^ tbat  «* -lume 
. „  i- n rough  the  fire  remains  practically  constant  because 

N  alter  B.  Snow,  4,Thp  Tnfl  ~ 

chanlcal  Draft  upon  the  Ultimnto  p(r^  ^ore  Engineering  Society  of  Columbia 

of  Steam  Rollers,”  a  lecture  dellveTedT^  Un,Versity’  D*«“'>er  ’•  1898‘ 
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of  its  lower  temperature  and  consequently  greater  density.1  In  so  far  as 
the  temperature  is  reduced  there  is  a  loss  of  efficiency,  since  the  lower  the 
initial  temperature  the  less  rapidly  will  the  gases  of  combustion  transmit 
their  heat,  and  the  final  result  is  that,  within  practical  limits,  the  tempera¬ 
ture  of  the  escaping  gases  is  highest  with  the  greatest  excess  of  air  supplied. 

In  burning  1  lb.  of  carbon  to  dioxide  there  are  generated  14,600  B.  T.  U. 
The  products  of  combustion  comprise  3-667  lb.  of  carbon  dioxide  and  8-853 
lb.  of  nitrogen,  the  total  weight  being  12-52  lb.  Assuming  the  specific 
heat  of  carbon  dioxide  to  be  0-217,  and  that  of  nitrogen  to  be  0-2438,  the 
average  specific  heat  of  the  gas  is  0-2359.  According  to  the  formula  given 
in  a  previous  section  the  theoretical  elevation  of  temperature  of  the  fire 
above  the  atmospheric  temperature  would  be  14,600-f-12-52X 0-2359= 
4942-5°  F.  (2728°  C.).  If  the  atmospheric  temperature  were  62°  F.,  the 
theoretical  temperature  of  the  fire  would  be  4956°-j-62°=5004-5°.  It  is 
probable  that  the  specific  heat  of  gases  of  combustion  at  high  temperatures 
is  higher  than  0-2359,  which  would  have  the  effect  of  reducing  the  tempera¬ 
ture.  f  The  actual  specific  heat  of  combustion  of  the  gases  under  those  con¬ 
ditions  has  not  been  determined,  but  the  figure  of  0-237  is  commonly  as¬ 
sumed  in  temperature  calculations.  However,  because  of  the  excess  of  air 
required  to  effect  complete  combustion,  besides  other  considerations,  it  is 
never  possible  to  attain  the  theoretical  temperature.  The  effect  of  different 
percentages  of  air  supply  in  reducing  the  temperature  of  fire  is  shown  in 
the  subjoined  tables,  which  are  taken  from  Kent’s  treatise  on  Steam  Boiler 
Economy,  wherein  they  are  credited  to  H.  T.  De  Puv,  of  the  Babcock  & 
Wilcox  Co. : 


CARBON  BURNED  TO  C02  WITII  EXCESS  OF  AIR. 

(neat  value  of  carbon  assumed  to  be  14.G00  B.  T.  U.  and  specific  heat  of  gases  0-24. 
Temperatures  are  expressed  in  degrees  Fahrenheit.) 


a  £  Upply  above  1 152  lbs. .  per  cent . 

p"j?er  bound  of  carbon,  lbs . 

rrodm-tsof  combustion,  lbs _ 

ovation  of  temperature  of  fire 

25 

1 1-40 
15-40 
3050° 

50 

17*28 

18*28 

3328° 

75 
20- 1G 
2116 
2S75° 

100 

23  04 
24*04 
2530° 

150 

2880 

29  80 
2041°  : 

200 

34  50 
35-56 

1711° 

<’ARBON  BURNED  PARTLY  COs  AND  PARTLY  TO  CO.  WITH  EXCESS  OF  AIR. 

rJ>on  burned  toOOa,  per  cent . 

pro<iuot0^  ?‘r’  per  ^ent . 

KlevVt  'n  of. combustion,  lbs . 

tlon  of  temperature  of  fire . 

100 

0 

50 

18*28 

3828° 

80 

20 

40 

1552 

3375° 

60 

40 

30 

12*99 

3350° 

40 

GO 

20 

10*67 

3323° 

20 

80 

10 

8*60 

3139° 

0 

100 

0 

6*76 

2743° 

Tn  or<kr  to  realize  the  theoretical  temperature  of  combustion  it  would 
*  necessary  that  the  air  should  be  delivered  to  the  incandescent  fuel  at  a 


1  Snow,  loc.  cit. 
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perfectly  uniform  rate;  that  the  combustion  should  he  complete  with  the 
theoretical  quantity  of  air  required;  and  that  there  should  he  no  loss  Ir¬ 
radiation  from  the  incandescent  fuel  into  the  surrounding  furnace  walls. 
These  conditions  can  he  more  nearly  obtained  in  the  combustion  of  gaseous 
fuel  than  in  the  combustion  of  solid  fuel,  and  that  is  one  of  the  important 
advantages  of  gas  firing,  as  will  he  pointed  out  more  fully  in  a  subsequent 
section  of  this  treatise.  Even  with  gaseous  fuel,  however,  an  excess  of  air 
is  required  for  complete  combustion,  the  percentage  being  the  less  the 
higher  the  air  is  preheated.  According  to  II.  II.  Campbell*  with  gas  at  t>00° 
C.  and  air  at  50°  C.,  from  20  to  100%  of  air  in  excess  is  necessary  to 
prevent  the  escape  of  an  appreciable  quantity  of  unburned  combustible; 
with  the  air  and  gas  at  1000°  C.,  however,  10%  is  a  large  excess,  while  5% 
is  sufficient  for  ordinary  producer  gas.  With  dust  fuel  burned  with  an 
intimate  and  regular  admixture  of  air  in  a  chamber  having  thick  brick 
walls  complete  combustion  may  also  he  attained  with  a  small  excess  of  air. 

With  insufficient  air  supply  the  actual  temperature  is  always  less  than 
the  theoretical,  for  the  reason  that  some  of  the  oxygen  passes  through  the 
fire  without  combining  with  carbon.  Generally  the  air  supply  is  not  regular, 
even  with  steady  draught  pressure,  for  the  reason  that  the  freshly  fired  coal 
chokes  to  some  extent  the  air  passages  through  the  bed  of  fuel  on  the  grate, 
causing  the  formation  of  some  carbon  monoxide  and  chilling  the  furnace. 
William  Kent  states  that  he  has  obtained  temperatures  exceeding  lfi5()°  t'., 
as  measured  by  a  Uehling  &  Steinbart  recording  pneumatic  pyrometer, 
with  Pittsburg  (Pa.)  coal  containing  less  than  2%  of  moisture  and  having 
a  calorific  power  ol  15,000  B.  T.  U.  per  pound  of  dry  combustible,  other 
conditions  being  a  fire  brick  combustion  chamber  and  frequent  firing  of 
small  quantities  of  coal  at  a  time;  this  corresponds  nearly  to  the  theoretical 
temperature  due  to  the  air  supply  of  15)  ]b.  per  pound  of  combustible, 
which  is  the  figure  found  in  practice  to  give  the  highest  efficiency  of  steam 
boiler  performance.2 


It  is  sometimes  possible  for  a  high  percentage  of  carbon  monoxide  and  a 
great  excess  of  air  supply  to  exist  at  the  same  time,  which  is  explained 
l>\  the  supposition  that  the  excess  of  carbon  monoxide  be  generated  at  cue 
portion  of  the  grate  surface  and  that  the  excess  of  air  enter  at  another,  and 
that  the  two  currents,  one  of  carbon  monoxide  and  the  other  of  air.  be  never 

brought  into  contact  until  their  temperature  is  reduced  below  the  point 
of  ignition. 


Ignition  Temperature  op  Furls.— With  nnv  fuel  a  certain  initial  tem¬ 
perature  must  be  imparted  to  it  before  combustion  will  take  place,  i.e., 

•  Trans.  Am.  Inst,  of  Min.  En&,  XIX.  151.  »  Steam  Boller  Economy,  p.  81. 
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rapid  combustion  that  is  required  in  metallurgical  practice;  slow  combus¬ 
tion,  or  gradual  oxidation  may  take  place  at  ordinary  temperatures.  The 
ignition  temperature  of  fuels  varies  according  to  their  physical  properties 
and  chemical  composition.  Extreme  density  in  solid  fuel  and  great  tenuity 
in  gaseous  fuel  reduce  the  inflammability;  for  the  former  reason  anthracite 
coal  is  more  difficult  to  ignite  than  bituminous  coal,  while  to  start  combus¬ 
tion  of  graphite  a  still  higher  temperature  is  required.  Fuels  richest  in 
hydrogen  are  the  easiest  to  light,  the  inflammability  of  resinous  wood  and 
cannel  coal  being  due  to  that  fact.  Gases  will  not,  however,  ignite  below 
a  red  beat,  notwithstanding  a  high  tenor  in  hydrogen,  because  of  the 
extreme  dispersion  of  their  molecules.  Fine  wood  ignites  at  25)5°  C.; 
ordinary  bituminous  coal  at  325°  C.,  while  coke,  anthracite,  hydrogen  and 
carbonic  monoxide  require  a  dull  red  heat.1  Conversely  when  burning  sub¬ 
stances  are  cooled  below  their  ignition  temperature  the  fire  is  extinguished ; 
i.e.,  chemical  action  ceases. 

1  lamb. — Flame  is  a  mass  of  intensely  heated  combustible  gas,  containing 
incandescent  particles  of  solid  matter.  It  is  not  necessarily  gas  in  a  state 
of  combustion,  for  combustion  cannot  take  place  without  access  of  air  and 
flame  may  exist,  as  in  passing  through  a  furnace  and  flue,  where  there  is  no 
supply  of  air  to  burn  the  gas.  If  the  flame  in  passing  through  a  tube 
becomes  cooled  below  a  bright  red  heat,  the  gas  will  not  burn  when  it 
escapes  and  comes  into  contact  with  cool  air,  because  its  temperature  will 
be  reduced  below  its  ignition  point;  it  will  be  simply  chilled  and  pass  off 
unburned,  a  condition  which  is  usually,  although  not  necessarily,  manifested 
ap  smoke. 

Visible  flame  is  an  evidence  of  imperfect  combustion  or  non-combustion, 
the  product  of  the  perfect  combustion  of  carbon  being  carbon  dioxide  gas, 
Uhi,h  '8  invisible,  and  that  of  hydrogen  being  aqueous  vapor,  which  is  also 
invisible.  Mr.  Kent,  who  has  aptly  pointed  out  how  the  principles  of  eom- 
nistion  may  be  learned  from  simple  experiments,  illustrates  this  with  the 
•'ample  of  the  central  draught  kerosene  lamp.  The  wick  being  properly 
justed,  the  lamp  gives  a  rather  short  and  clear  white  light  without  a  trace 
moke*.  If  without  altering  the  adjustment  of  the  wick  the  opening  at 
11  )0ttom  of  the  central  draught  tube  be  gradually  obstructed,  the  flame 
tf,  .'S  and  its  whiteness  changes  to  yellow  and  then  to  red;  it  begins 

^mokc,  and  finally  when  the  supply  of  air  is  nearly  shut  off  the  flame 
mi  i?S°n  n°arbr  to  the  top  of  the  chimney  and  a  dense  column  of  black 
coj  1  an!i  S0(d  *s  given  off.  This  experiment  shows  that  with  the  same 
8umption  of  fuel,  i.e.,  the  oil  supplied  by  the  wick,  the  flame  may  be 
1  Roberta- Austen,  Introduction  to  the  Study  of  Metallurgy,  i>-  l*1- 
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short,  ami  intensely  hot ;  or  very  long,  of  a  low  temperature,  smoky  and 
sooty.  While  the  flame  is  lengthening  and  before  it  becomes  smoky  the 
combustion  may  be  complete,  but  it  is  not  effected  in  as  short  a  space  as  it 
was  with  the  original  supply  of  air.  For  a  given  supply  of  fuel  a  short 
flame  means  rapid  and  complete  combustion,  a  long  flame  delayed  combus¬ 
tion  and  a  very  long  flame  imperfect  combustion.  If  midway  in  the  flame 
of  medium  length  a  cool  surface  he  interposed,  the  temperature  of  the 
flame  will  be  lowered,  the  combustion  will  be  rendered  imperfect  and  smoke 
and  soot  will  be  produced.1 

Effect  of  Ash  and  Moisture  in  Coal. — In  speaking  of  the  calorific 
power  of  coal  reference  is  made  generally  to  the  number  of  heat  units 
that  will  be  generated  by  the  burning  of  its  combustible  constituents.  Be¬ 
sides  this,  however,  all  coals  contain  a  percentage  of  ash  and  moisture,  both 
of  which  detract  from  the  actual  calorific  power,  not  only  because  ash  and 


moisture  are  not  combustible,  but  also  because  of  other  results  which  ensue 
from  their  presence.  In  other  words  the  quality  of  a  coal  is  not  exact ly 
indicated  by  the  calorific  power  of  its  combustible  matter.  If  the  coal  he 
high  in  ash  not  only  is  its  heating  power  reduced  in  direct  proportion  to 
the  percentage  of  ash,  but  also  the  quantity  of  ash  formed  on  the  grate  finds 
to  check  the  air  supply  and  therefore  to  diminish  the  rate  of  combustion. 
If  the  coal  he  also  high  in  pyrites  (sulphur)  the  ash  is  likely  to  fuse  into  a 
clinker,  the  silica  combining  with  the  oxide  of  iron  produced  by  the  burning 
of  the  pyrites,  and  thus  may  choke  the  grate  completely,  necessitating  to 
quent  cleaning  of  the  fire.  If  the  coal  be  high  in  moisture,  or  in  ox}  gt n, 
not  only  will  the  heat  units  derived  from  a  pound  of  it  he  low,  hut  t  k 
attainable  temperature  will  also  be  lower  than  that  which  a  better  coal 
yield.  In  order  to  develop  the  requisite  temperature  with  poor  coal  ugj 
in  ash  it  is  necessary  to  have  either  a  larger  grate  surface  or  stronger  <  i.mg 
than  with  good  coal.  Sometimes  the  clinkering  of  the  ash  is  so  troublesome 
that  strong  draught  is  of  no  avail,  and  in  such  cases  large  grate  sin  but  ^ 
absolutely  required.  When  the  ash  in  a  coal  is  so  large  in  amount  as  ^ 
necessitate  frequent  cleaning  of  the  fire  its  effect  in  reducing  the  vahu 
the  coal  is  greater  than  what  is  due  to  its  mere  percentage,  because  o 
loss  in  unconsumed  coal  to  which  it  leads  ( vide  page  287). 


Direct  Firing. 

The  combustion  of  coal  is  effected  practically  in  three  ways,  nanu  . 

(1)  Burning  directly  on  a  grate,  which  is  referred  to  as  “direct  n 

(2)  burning  in  such  a  way  as  to  produce  a  combustible  gas,  which 

1  Steam  Holler  Economy,  p.  9. 
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burned  secondarily  in  the  laboratory  of  tin*  furnace— known 
flrinf";  «i"l  (•'*)  burning  dingily  in  the  form  of  dust  in  the  laboratory 
„f  the  furnace.  Direct  firing  and  gas  tiring  merge  into  each  other  in 
*ucl)  a  w«y  tbftt  it  in  difllcult  to  draw  a  sharp  dividing  line  between  them 
The  following  sections  refer  to  the  ordinary  direct  firing  of  anthracite  and 
bituminous  coal. 

Bi  unino  of  Antiihacitk  Coal. — The.  burning  of  arfthracite  coal  for  the 
purpose  of  zinc  smelting  is  far  less  important  than  the  burning  of  bitumi¬ 
nous  coal,  since  it  in  a  kind  of  fuel  which  is  available  only  to  the  smelters 
of  one  district,  who  produce  a  comparatively  small  quantity  of  spelter.  The 
practical  combustion  of  anthracite  is  free  from  the  difficulties  which  attend 
the  combustion  of  bituminous  coal  and  no  great  degree  of  skill  is  requinsl 
to  fire  with  it,  especially  when  tint  large  sizes  are  used.  All  that  tlm 
stoker  needs  to  do  is  to  keep  a  level  bed  of  coal  on  the  grate  of  a  depth 
proportionate  to  the  strength  of  the  draught,  to  watch  carefully  to  prevent 
the  formation  of  air-holes  in  the  bed  of  incandescent  fuel  and  to  clean  the 
fire  at  intervals  of  six  to  10  hours.  With  ample  draught  the  stoker  can 
regulate  the  combustion  by  varying  the  thickness  of  the  bed  of  coal  or  alter¬ 
ing  the  position  of  the  damper. 

With  a  given  draught,  if  the  bed  of  coal  be  too  fhiri  an  excessive  supply  of 
sir  passes  through  it,  reducing  the  temperature  of  the  fire  and  causing  a 
waste  of  beat  in  the  chimney  gases;  if  it  be  too  thick,  some  of  the  carbon 
will  be  burned  only  to  monoxide  instead  of  to  dioxide,  also  causing  a  reduc¬ 
tion  of  temperature  and  loss  of  heat.  The  latter  trouble  is  manifested  by  a 
sluggish  action  of  the  fire,  the  presence  of  blue  flames  on  the  bed  of  coal  and 
•be  low  temperature  of  the  furnace.  The  remedy  is  either  to  carry  a 
thinner  bed  of  fire  or  to  open  the  damper  and  produce  a  stronger  draught,  in 
"liter  words  to  give  the  fire  a  greater  supply  of  air.  Bad  firing  I  localise  of 
dfl  excess  of  air  is  more  common  than  because  of  a  deficiency  and  is  not  so 
Dourly  manifested.  It  is  due  especially  to  carrying  foo  thin  a  bed  of  fuel 
'ind  may  be  overcome  by  increasing  the  thickness  of  the  latter  just  short 
"f  the  point  where  blue  flames  make  their  appearance.  This  condition 
’Dug  observer  I  (he  highest  temperature  is  attained  by  firing  small  quantities 
"oal  at  a  time. 

^tnall  Sizch.  'I’he  burning  of  small  sizes  of  anthracite  is  more  difficult 
lari  tho  burning  of  the  large  sizes,  because  the  fineness  of  the  coal  tends  to 
,.yk*  ibe  air  passages  through  the  bed  of  fuel  on  the  grate,  where  foie  a 
''niu,r  bed  has  to  be  carried  unless  there  is  a  very  strong  draught  and  a  thin 
T  ,H  ,rw»re  difficult  to  keep  free  of  nir-hoh*  than  a  thick  one.  The  small 
of  anthracite  arc  usually  higher  in  ash  flian  the  large  sizes,  and  the 
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fire  must  therefore  be  cleaned  oftener,  an  operation  which  always  chills  tv 
fire  and  causes  a  waste  of  heat.  For  the  combustion  of  the  fine  sizes  'f 
anthracite  it  is  common  to  use  a  forced  blast  under  the  grate,  furnisl  °i 
either  by  a  fan  or  by  a  steam  jet,  preferably  the  former,  which  both  practice 
and  experiment  have  shown  to  be  the  more  efficient.  The  distillation  fur. 
naces  fired  with  anthracite  small  coal  which  are  used  in  Xew  Jersey  and 
1  ennsylvama  are  commonly  provided  with  an  under-grate  blast  In  the 
case  oi  coal  which  is  high  in  pyrites,  however,  and  is  consequently  liable  to 
c  inker  badly  and  rapidly  destroy  the  grates,  the  steam  jet  may  be  the  more 
advantageous.  In  burning  fine  anthracite  coal  there  is  always  a  greater 
loss  ot  fuel  passing  through  the  grate  unburned  than  in  burning  the  larger 
sizes,  although  grates  with  more  or  less  proportionately  small  openings  are 
use< .  experience  has  also  shown  that  the  combustion  of  small  anthracite 
•  ™0r°  P°rif"‘ct  when  *he  coal  remains  undisturbed,  or  as  nearly  as  possible 

over  r  “  If1  11  "S  put  inl°  th0  firc’  tllan  Then  it  is  turned 

together  P  7  COnSUmed  and  PartlJ  "-consumed  coal  arc  mixed 

?*  b't™no0s  Coal.  The  great  difficulty  in  effecting  cco- 
an  car  !  1  of  Iblt"min°»s  with  respect  to  the  hydrocarbons 

mlL  oTfim°n01  IT  ;°h  al'e  likC'-V  *°  e8caPe  ™l™m«L  In  the  ordinarv 
kfnc  no  r8  h,  Wumin»“s  «»<  ‘here  is  an  intensely  hot  I, cl  of  coke 
).ng  upon  the  grate  bars.  When  it  is  necessary  to  replenish  the  Are.  which 

•.  lot  Tf  i  T8  gCTa"y  paired  at  intervals  ot  five  or  10  minutes, 
\Y  l  d  e  11  t  COa  T  °  H  °£  flne  sizc'  is  evenly  over  the  bed. 

JCn"tiurzJ7J  :rvhr is  a  «"*  inta  °f  coid 

iinomnnimooi  .  1  *  *be  furnace  a§  a  preliminary  to  the 

effect  of  tl  Tl'r  °f  pbenomena  which  is  to  ensue.  The  first 
in 't  I  ,  3<  I01'  ,°f  fresh  COal  is  t0  ^oke  the  air  spaces  cxist- 

to  bum  fV  G’1thus  8hllttin*  off  tha  supply  of  air  which  is  needed 

evaporation6  ?**.*”?'?*  the  frcsh  ™ab  Next  there  is  a  rapid 

the  furme »  °  r,!!'0^  Ur°  rom  tbe  coa1’  wp'°h  absorbs  heat  and  thereby  robs 
by  carbon  t  i  1  •  1"  a<IUCOU®  'aPor  which  is  formed  may  perhaps  be  reduced 
bed  Tf  tv, .  ,y‘ rogcn  aD(1  carbon  monoxide,  a  reaction  which  also  absorbs 
l(*nt  oinnfif v  V  am|  car')0n  mon°xide  were  burned  again  an  equiva- 

ordinarily  b  •  *  ** ^^nemted  and  there  would  no  loss,  but 

tbev  pepar  T]  '  n<^  (  nu""'1  air  ln  ^10  fnrnaee  to  combine  with  them  and 
11  c  c  capo  unhurried.  There  is  also  a  deficiency  of  air  for  the  combustion 

Ti  J  I  ‘  fTarb°"S  a"d  Carbon  monoxide  which  are  subsequently  developed. 

chamber  aKefcrglriJfllco4  ^  int™hlCC  air  into  the  eomhuf°a 
nrc  to  supply  the  oxygen  necessary  to  complete  the  burn- 
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ing  »f  thw»  ffanoe,  and  experience  shows  that  an  advantage  may  he  gained 
if  the  quantity  or  air  admitted  he  small  and  judiciously  regulated;  hut  the 
great  volumes  of  black  smoke  which  issue  from  such  furnaces  even  under 
(hose  conditions  indicates  that  the  combustion  is  still  far  from  complete, 
The  failure  to  complete  the  combustion  in  that  manner  is  due  to  imperfect 
admixture  of  the  air  and  reduction  of  the  temperature  below  the  ignition 
point  of  the  gas.  As  is  well  known,  one  of  the  quickest  ways  to  cool  oir  a 
furnace  is  to  open  the  tire  door  and  let  in  a  great  Volume  of  cold  air.  In 
order  to  effect  a  complete  combustion  by  the  admission  of  secondary  air  it 
is  necessary  that  the  air  be  highly  preheated  arid  he  allowed  sufficient  time 
and  space  to  mix  thoroughly  with  the  gas.  We  have  an  example  of  this 
kind  of  firing  in  the  Boetius  and  other  systems  of  semi-gas  firing. 

After  the  moisture  has  been  expelled  from  the  coal  the  distillation  of  the 
hydrocarbons  begins  and  a  considerable  portion  of  them  escapes  unhurried 
unless  they  be  supplied  with  the  necessary  quantity  of  air  under  the  proper 
conditions  as  referred  to  in  the  previous  paragraph.  These  gases  being 
comparatively  cool  cannot  he  burned  unless  the  air  for  the  secondary  com¬ 
bustion  be  highly  heated.  After  a  while  the  distillation  of  the  hydro¬ 
carbons  proceeds  at  a  slower  rate,  the  fine  coal  which  at  first  obstructed  the 
supply  of  primary  air  through  the  grate  is  partially  burned  away,  sufficient 
hot  air  begins  to  come  through  the  bed  of  hot  coke  to  burn  thoroughly  all 
the  gases  and  the  combustion  is  then  for  a  brief  period  effected  economically 
as  is  manifested  by  the  chimney  gases  becoming  smokeless  or  nearly  so, 
"hcreas  a  few  minutes  previous  great  volumes  of  dense  smoke  were  being 
poured  forth.  If  the  fire  were  then  to  he  left  alone  it  would  burn  eco¬ 
nomically  until  the  air  spaces  became  so  large  as  to  admit  an  excessive 
RulTlv  °1  nir,  when  there  would  he  a  loss  of  heat  on  that  account.  Before 
diftt  time  is  reached,  however,  in  ordinary  firing  fresh  coal  is  thrown  on 
du  fire  with  the  same  sequence  of  results  as  outlined  above. 

Requisites  for  Complete  Combustion.— The  requisites  for  the  complete 
(0,iil)  list  ion  of  bituminous  coal  arc  an  adequate  supply  of  air.  a  sufficient 
Kpnce  and  length  of  time  for  flu*  gases  to  burn  and  a  thorough  mixture  of 
11  ®h  and  gas  at  the  point  where  ignition  is  taking  place,  that  is  at  the 
!, ao<  "'here  the  temperature  is  hot  enough  to  cause  combustion.  Mr-  Knit 
1  Nrafos  the  importance  of  effecting  an  intimate  mixture  by  supposing  a 
'"l  °f  kerosene  oil  to  he  ignited  in  the  open  air;  it  will  not  burn  with  a 
°  '"Jr  white  flame  as  in  an  Argaml  burner  nor  with  a  transparent  blue  flame 
‘  "i  a  blow-pipe,  but  will  produce  a  dark  reddish  flame  gi'hig  "IT  dense 
® ,)f  s,1,oko.  In  this  ease  there  is  plenty  of  time,  space  and  air  ava.I- 
0  olTcct  complete  combustion,  but  an  intimate  mixture  of  the  com 


272 


METALLURGY  OF  ZINC. 


bustible  gas  and  the  ample  supply  of  air  is  lacking.  If  on  the  other  hand 
the  oil  be  burned  in  a  lamp  and  fed  slowly  upward  through  the  wick,  the  oil 
itself  or  the  vapor  distilled  from  the  top  of  the  wick  will  be  brought  into 
contact  with  air  which  has  been  heated  to  a  very  high  temperature  by  radi¬ 
ation  from  the  flame  and  perfect  combustion  will  ensue.  Should  the  wick 
be  turned  a  trifle  too  high,  the  lamp  will  smoke,  for  although  there  is  plenty 
of  air  present,  it  is  not  hot  enough  to  cause  combustion.1  This  example 
illustrates  another  important  point  in  practical  metallurgy,  i.e.,  that  the 
transference  of  heat  from  what  is  generated  by  the  combustion  of  a  fuel  to 
the  air  necessary  for  the  combustion  of  a  subsequent  portion  of  the  fuel 
may  be  both  advantageous  and  economical ;  in  fact,  it  is  what  takes  place  in 
every  direct  combustion.  This  is  an  entirely  distinct  principle  from  that  of 
heat  recuperation,  because  the  heat  imparted  to  the  air  is  not  recovered 
from  what  would  be  otherwise  wasted,  but  is  taken  directly  from  that  which 
is  generated  by  the  combustion  and  then  is  restored  thereto.  This  principle 
is  applied  in  many  systems  of  semi-gas  firing,  in  roasting  furnaces  and  in 
other  metallurgical  furnaces.  The  preheating  of  the  air  by  recuperation  of 
heat  from  the  waste  gases  is  the  ultimate  step  in  the  economical  combustion 
of  fuel.  From  a  theoretical  standpoint  the  ideal  method  of  burning  coal  is 
first  to  convert  it  into  gas  in  a  producer  and  then  to  burn  that  gas  without 
losing  any  of  the  heat  of  the  primary'  combustion  in  a  fire  brick  chamber 
with  thick  walls,  the  air  for  the  secondary’  combustion  being  highly  pre¬ 
heated  by  recuperation  from  the  chimney  gases. 

Improved  Methods. — The  improved  methods  of  effecting  complete  com¬ 
bustion  and  preventing  smoke  which  are  applicable  in  steam  boiler  practice 
cannot  be  generally  adopted  in  metallurgical  work,  because  of  the  difference 
in  the  dimensions  of  the  grate  surfaces.  On  the  other  hand  some  of  the 
arrangements  which  in  steam  boiler  practice  have  to  be  made  by  special 
design,  in  metallurgical  practice  coincide  directly  with  the  requirements  of 
the  furnace.  ^  he  fire  box  of  a  steam  boiler  is  provided  commonly  with  a 
broad  and  comparatively  short  grate.  In  metallurgical  furnaces  the  grate 
surfaces  are  likely  to  be  narrow  and  comparatively  long;  especially  is  the 
latter  the  case  in  the  conventional  type  of  direct-fired  Belgian  zinc-distilla¬ 
tion  furnace. 

(  oliing  System  of  Firing. — This  depends  upon  the  principle  that  the 
"  hole  J)0,l  °f  Are  shall  not  be  covered  with  fresh  coal  at  the  same  time.  B 
is  applied  in  steam  boiler  practice  by  throwing  the  fresh  coal  only  on  the 
front  half  of  the  fire,  leaving  the  rear  half  with  a  level  bed  of  partly  burned 
coal.  The  gases  distilled  from  the  fresh  coal  then  pass  over  the  rear  half, 

1  The  Mineral  Industry,  VIII,  132. 
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through  which  an  excess  of  air  is  entering,  said  air  being  heated  as  it  passes 
through  the  incandescent  coke.  The  two  currents  of  gas,  one  containing 
the  distillation  products  and  the  other  the  supply  of  hot  air,  commingle 
in  the  combustion  chamber.  When  nearly  all  the  gas  has  been  distilfed 
from  the  pile  of  coal  in  the  front  half  of  the  furnace,  the  pile  is  pushed 
and  leveled  over  the  rear  half,  and  either  immediately  or  within  a  minute 
or  two,  according  to  whether  the  gases  have  been  more  or  less  completely 
driven  off,  fresh  coal  is  again  piled  in  front.  This  system  involves  a  greater 
amount  of  labor  and  attention  on  the  part  of  the  stokers  than  ordinary 
firing,  and  its  advantage  depends  upon  the  skill  with  which  it  is  applied. 

Alternate  Firing. — Another  method  of  firing  which  has  all  the  advantages 
of  the  coking  system,  without  the  disadvantages  of  the  latter,  is  that  known 
as  alternate  firing,  which  consists  in  throwing  fresh  coal  first  on  one  half  of 
the  bed  of  fire  and  then  on  the  other  half,  alternately  at  equal  intervals  of 
time.  Alternate  firing  is  of  no  use,  however,  unless  there  is  a  large  com¬ 
bustion  chamber  in  which  the  two  gaseous  currents  are  mixed  and  allowed 
to  burn. 

Special  F urnaces  and  Mechanical  Stokers. — The  special  furnaces  for  use 
in  connection  with  steam  boilers,  like  that  of  William  Kent,  which  aim  to 
insure  an  intimate  admixture  of  the  gases  in  a  space  sufficiently  large  for 
their  complete  combustion,  only  accomplish  that  which  is  to  be  found  in 
many  metallurgical  furnaces,  including  reverberatory  smelting  furnaces  and 
zinc  distillation  furnaces.  The  automatic  stokers  which  have  been  used 
advantageously  in  steam  boiler  practice  have  also  been  applied  with  excel- 
cnt  results  to  reverberatory  roasting  furnaces.  Such  installations  may  be 
6eon  at  the  Pueblo  and  Kansas  City  plants  of  the  American  Smelting  &  Re- 
mng  Co.,  where  the  well  known  American  stoker  is  used.  Cases  have  been 
Sported  in  which  the  ore  has  failed  to  burn  in  furnaces  provided  with  these 
stokers,  while  the  fire-box  has  been  rapidly  destroyed.  The  explanation  is 
00  perfect  combustion,  the  gases  from  the  fireplace  not  having  sufficient 
-Xcess  of  air  to  oxidize  the  ore.  The  remedy  is  the  admission  of  the  requisite 
8uPply  of  additional  air. 

j.  lnhcr  Grate  Firing. — In  metallurgical  practice  the  depth  of  the  bed  of 
0  on  the  grate  is  of  much  importance  not  only  with  respect  to  economy  in 
jo  combustion,  but  also  with  respect  to  other  results.  In  cases  where  the 
.',al  ls  lean  and  short-flaming  and  the  heat  radiated  directly  from  the  fire 
b  ,ns,*^c'ent  to  do  the  work  that  is  desired  it  is  necessary  to  employ  a  d(  <  p 
v'iri  ,,fUe1’  i-°’’  the  so-called  clinker  grate  firing.  Tn  this  the  fire  box  is 
£rrafUa y  a  generator,  a  deep  layer  of  clinkers  being  maintained  upon  the 
>ars.  This  layer  of  clinkers  serves  to  heat  the  air  passing  t  lrou^i 
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and  enables  it  to  unite  above  the  fire  with  the  gas  generated  from  tlu* 
imperfect  combustion  of  the  coal.  The  flame  of  an  otherwise  lean  coal  is 
thereby  elongated.  This  method  of  firing  is  commonly  employed  with  the 
Belgian  type  of  distillation  furnace  used  in  the  St.  Louis  district  and  at 
Pittsburg  and  vicinity  in  Kansas,  where  the  furnaces  are  designed  so  that 
the  top  of  the  bed  of  fuel  will  be  from  3  to  4  ft.  above  the  surface  of  the 
grate  bars.  The  fire  boxes  are  long  and  narrow,  being  only  10  in.  wide  at 
the  level  of  the  grate.  The  grate  itself  consists  merely  of  two  bars  of  iron, 
2X2  in.  in  cross-section,  resting  upon  two  bearing  bars.  Resting  on  the 
grate  there  is  a  mass  of  clinker  which  supports  the  incandescent  fuel.  The 
coal  which  is  burned  is  rated  as  slack,  but  comprises  pieces  up  to  nut  size. 

In  general  it  may  be  considered  that  with  clinker  grate  firing  there  will 
be  less  loss  through  unconsumed  coal  in  the  ash  than  where  the  fire  itself  is 
kept  down  to  the  level  of  the  grate  bars.  At  most  of  the  copper  smelteries 
in  the  United  States,  however,  the  deep  clinker  grates  have  been  discarded. 
A  bituminous  or  semi-bituminous  coal  which  gives  a  sufficiently  long  flame 
is  used,  and  experience  has  shown  that  for  their  conditions,  where  fast 
driving  of  the  furnace  prevails,*  a  thin  bed  of  fuel  with  live  coals  nearly 
down  to  the  grate  liars  gives  the  best  results,  even  if  attended  with  con¬ 
siderable  waste  of  fuel.  If  fuel  be  expensive  and  economy  in  its  use  im¬ 
portant  the  fragments  of  cinder  or  coked  coal  that  drop  through  the  grates 
at  the  frequent  barrings  may  he  cheaply  recovered  by  washing.  In  the 
reverberatory  copper  smelting  furnaces  of  the  United  States  it  is  common 
to  carry  a  bed  of  coal  24  in.  deep,  but  Peters  states  that  the  most  rapid 
smelting  is  done  with  only  19  in.  of  depth,  the  coal  containing  10%  ash.1 

Grates  and  Grate  Bars. — Grates  for  metallurgical  furnaces  are  ar¬ 
ranged  in  three  forms:  (1)  horizontal  plane;  (2)  sloping  plane;  and  (■>) 
step.  The  last  type  is  commonly  installed  as  a  combination  of  step  and 
sloping  plane.  Of  the  three  types  the  horizontal  plane  and  step  grates  are 
the  most  commonly  used  in  metallurgical  furnaces;  the  inclined  plane 
grate  finds  extensive  employment  in  steam  boiler  practice.  With  good  coal 
the  horizontal  grate  is  the  best,  permitting  the  maintenance  of  an  even 
bed  of  fuel  (which  is  essential  to  good  firing)  to  a  degree  which  is  nol  pos¬ 
sible  with  any  other  form.  The  inclined  grates  which  are  used  under 
steam  boilers  are  given  only  a  slight  slope;  installed  in  that  manner  tin > 
do  not  interfere  materially  with  proper  regulation  of  the  fuel  bed  an 
afford  easy  access  to  the  under  side  of  their  extreme  end,  which  is  an  «u 
vantage  when  the  ash  pit  is  necessarily  long  and  shallow.  Step  grab >  <>h 
employed  especially  with  inferior  coal,  being  capable  of  arrangcmenl  "i 
1  Modern  Copper  Smelting,  seventh  edition,  p.  460. 
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large  air  spaces,  without  permitting  the  small  coal  to  run  tlironol,  r.  ■ 
difficult,  if  not  impossible,  to  maintain  an  even  bed  of  f„..l  „„  ,  ls 

„»  that  account  modern  gas  producer  practice  has  1 i  J 
They  were  a  prominent  feature  in  the  original  Siemens  pCcc  ”; 
which  the  idea  was  that  the  fuel  dumped  in  from  the  top  would  form 

a  natural  talus  corresponding  to  the  slope  of  the  grate,  but  such  was 
not  the  case.  s 

Open  and  Closed  Asli  Pits.— Equally  important  to  the  type  of  grate  is  the 
type  of  fire  box,  which  may  be  fired  either  from  the  sides  or  from  the  end 
and  may  have  either  a  closed  asli  pit  or  an  open  one.  In  metallurgical 
furnaces  the  common  types  are  closed  fire  boxes,  with  fire  and  ash  pit  doors 
on  the  sides;  and  open  fire  boxes,  following  the  Welsh  practice,  in  which 
the  fire  is  cleaned  from  the  back,  though  the  coal  is  generally  thrown  in 
through  doors  in  the  sides;  with  the  latter  system  the  ash  pit  may  be  still 
dosed  m,  but  it  is  not  so  convenient  to  arrange  the  doors  as  the  other  way. 

i  TTlv  a<lVantage  of  the  Welsh  system  is  the  facility  with  which  access  is 
iad  to  the  fire  and  the  ash  pit,  and  the  ability  to  use  very  short  grate  bars 
which  are  easily  cleaned  and  removed.  There  is,  however,  generally  an 
open  space  above  the  grate,  if  the  latter  be  horizontal,  through  which  air 
ina  -es  a  short  circuit,  which  is  precisely  what  ought  to  be  avoided,  and  even 
un  er  the  best  conditions  the  air  supply  cannot  be  so  well  regulated  as  with 
m,  0  of  fire  box,  which  is  in  practice  decidedly  the  more  economical. 

c  oregoing  remarks  apply  especially  to  reverberatory  furnaces.  The 
lree  fired  Belgian  distillation  furnace  belongs  typically  to  the  closed  ash 
att  ^10u§b  the  special  conditions  of  its  installation  cause  but  little 
whn  10n  k°  ^ven  t°  the  regulation  of  the  air  supply  by  the  ash  pit  doors, 

1C.  J*  exist  at  all  have  to  close  in  the  entire  tunnel  and  are  seldom 
paj  c  of  permitting  a  close  regulation  of  the  air  supply. 

°f  bar’/<S  °  ^ru^e  Pars. — In  either  horizontal  or  inclined  grates  two  kinds 
tion  ]  nia,V  use<^  namely  the  simple  bar  of  wrought  iron,  square  in  sec- 
Ioosoly  °n  the  bearers,  or  the  cast  iron  bar  of  the  conventional  fish- 
Smte.s  °l  m’  80  arratt£et*  as  to  fit  tightly  in  the  fireplace.  For  horizontal 
th<>  <■  10  10asting  furnaces  the  cast  iron  fish-belly  form  is  the  best  adapted, 
<?con  ^aCe.S  hotween  the  bars  being  fixed  uniformly,  which  tends  toward 
tiJob,'n-  ln  the  combustion  of  the  fuel  and  also  economy  in  maintenance, 
nicest'  K'n^  ^1e  deepest  at  the  middle,  which  is  the  point  where  they  are 
Pr°Po V  lll0S^  liable  to  destruction.  Moreover,  with  cast  iron  bars  the 
tlian  ^  *r<  <'  air  sl);lrv  in  the  grate  can  generally  be  made  much  larger 

in^  vi, l00K(!  wrouffht  iron  bars,  which  can  seldom  be  used  less  than  one 
l’  ^he  rectangular  form  is  the  best  for  step  grates,  although 
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the  durability  is  less,  but  deviations  from  the  rectangular  form  for  the  sake 
of  durability  do  not  tend  to  even  stoking  with  this  type  of  grate. 

The  conventional  cast  iron  grate  bar  is  tapered  in  cross-section  so  as  to 
make  a  wider  opening  between  the  bars  at  the  lower  edge  than  at  the  upper 
edge,  and  thus  insure  the  free  passage  of  the  ash  which  drops  between  them. 
Projections  are  cast  on  the  sides  of  the  bars  to  keep  them  at  the  proper 
distance  apart.  The  width  of  the  bars  and  of  the  air  spaces  between  them 
is  determined  according  to  the  kind  of  fuel  that  is  to  be  burned,  hor  fine 
sizes  of  anthracite  bars  %  in.  wide  with  %  in.  openings  are  commonly  used. 
For  pea  or  nut  coal  in.  bars  and  y>  in.  openings.  W  ith  run  of  mine 
bituminous  coal  cast  iron  grate  bars  are  commonly  made  %  in.  wide,  with 
spaces  of  %  in.,  %  or  even  1  in.  between  them.  The  total  area  of  the 
air  spaces  is  therefore  generally  50%,  more  or  less,  of  the  total  area  of  the 
grate  surface,  but  with  the  clinker  grates  used  in  the  Western  distillation 
furnaces  of  the  Belgian  type  there  is  an  example  of  2  in.  bars  with  4  in. 
spaces,  the  latter  constituting  75%  of  the  total  grate  area. 

In  any  kind  of  firing  when  the  ash  of  the  coal  tends  to  clinker  narrow 
air  spaces  are  objectionable,  because  they  are  liable  to  become  clogged  and 
are  difficult  to  keep  open  so  as  to  allow  a  sufficient  supply  of  air  to  pass 
through  them.  The  resistance  to  the  passage  of  air  through  the  grate  and 
the  bed  of  coal  lying  upon  it  depends  upon  the  size  of  the  coal  as  well  as 
the  dimensions  of  the  air  spaces,  besides  the  quality  of  the  coal  as  regards 
coking  or  non-coking  property,  the  thickness  of  the  bed  of  coal  and  ashes, 
the  presence  or  absence  of  clinker,  etc.  Coals  that  are  low  in  ash,  the  latter 
being  non-clinkering,  can  be  burned  on  grates  with  very  narrow  air  spaces. 
Providing  the  proper  rate  of  combustion  can  be  maintained,  the  smaller  the 
air  spaces  the  greater  will  be  the  economy  of  fuel,  because  less  will  be  lost 
by  falling  through  the  grate  unburned.  Fine  sizes  of  anthracite  coal  are 
sometimes  burned  on  flat  cast  iron  plates  perforated  with  tapering  holes 
about  0-5  in.  in  diameter  at  the  upper  surface,  the  total  air  space  being 
about  25%  of  the  grate  area.  Grates  of  that  type  are  employed  at  tin 
zinc  smelteries  in  New  Jersey  and  Pennsylvania,  where  anthracite  coal  as 
small  as  No.  2  buckwheat  is  burned. 

Gas  Firing. 

Gas  firing  broadly  considered  includes  the  combustion  of  all  kiml> 
gaseous  fuel,  which  may  be  obtained  either  as  a  natural  product  oi  n> 
made  artificially  from  coal,  wood  or  other  carbonaceous  matter.  Tin1  a  ^ 
is  known  most  commonly  as  “producer  gas/’  because  it  is  made  in  a  t\pi 
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furnace  referred  to  specifically  as  a  “gas  producer”;  producer  gas  is  also 
designated  by  the  terms  “fuel  gas,”  “air  gas”  and  “Siemens  gas.”  In 
metallurgy  it  is  the  most  important  gaseous  fuel  that  we  know.  Natural  gas 
jg  available  only  in  a  few  favored  localities,  and  water  gas  and  coal  (illumi¬ 
nating)  gas  are  not  used  at  all ;  at  least  not  outside  of  metallurgical  labora¬ 
tories. 

Producer  Gas. 

So  far  producer  gas  firing  has  proved  to  be  the  most  economical  method  of 
burning  coal  for  technological  purposes,  save  for  the  generation  of  steam  in 
which  line  for  various  reasons  it  has  made  no  headway.  There  are  numer¬ 
ous  comprehensive  treatises  dealing  with  this  subject,  which  is  so  important 
as  to  have  a  literature  of  its  own.  The  most  recent  of  them  are  Regen- 
erativ-Uasoefen  (1898)  by  Friedrich  Toldt  and  Le  Chauffuge  Indust  riel  et 
les  Fours  d  Gaz  (1898),  by  Emilio  Dainour,  both  of  which  are  to  be  rec¬ 
ommended  for  reference.  In  this  treatise  the  idea  is  merely  to  explain  the 
general  principles  of  gas  firing  and  describe  the  most  important  producers 
which  are  now  employed. 

In  taking  up  the  subject  of  gas  firing  for  metallurgical  purposes  at  this 
time,  it  is  unnecessary  to  go  into  the  history  of  the  art.  It  is  sufficient  to 
say  that  the  first  practicable  gas  producer  is  credited  generally  to  Bischof 
whose  furnace  was  in  use  as  early  as  1839.  Modern  gas  firing  is  due,  how¬ 
ever,  chiefly  to  the  inventions  of  Frederick  and  Sir  William  Siemens,  of 
whose  patents  the  first  is  dated  185G,  but  reference  is  generally  made  to  the 
celebrated  patent  of  18G1.  Producer  gas  is  frequently  referred  to,  even  at 
the  present  time,  as  Siemens’  gas.  Without  detracting  from  the  credit  due 
to  these  and  other  practical  introducers  of  the  art,  however,  there  is  no 
doubt  that  the  rudiments  of  gas  firing  are  to  he  found  in  many  of  the  early 
furnaces  when  coal  first  began  to  be  used  as  fuel.  Thus,  as  Dainour  points 
°ut,  the  early  Welsh  metallurgists  in  using  their  domestic  anthracite  to  heat 
moderately  long  reverberatory  furnaces  were  accustomed  to  burn  the  coal  in 
a  |JL'd  from  0-75  to  0-80  m.  in  thickness,  thereby  producing  carbon  mon¬ 
oxide,  as  a  method  of  elongating  the  short  flame  of  their  lean  coal.  1  he 
^elsh  clinker  grate  is  essentially  a  gas  producer.  Similarly  there  are  mam 
ni,tallurgical  furnaces  in  use  at  present  wherein  the  direct  firing  on  the 
tj^te,  which  forms  a  part  of  the  furnace  itself,  is  a  species  of  semi-gas 
.  ,  and  there  is  really  no  sharp  dividing  line  between  that  method  of 
lring  and  the  producers  of  the  Boetius  type  or  between  the  latter  and  the 
modern  gas  producers  which  are  shaft  furnaces,  separate  from  the  furnaces 

"bich  their  gas  is  to  be  employed  for  heating. 
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Theory  of  Fuel  Gas  Production. — According  to  the  modem  under¬ 
standing  of  gas  firing,  the  process  consists  in  the  generation  of  the  gas  in  a 
special  furnace,  known  as  the  producer  or  generator,  its  conveyance  through 
a  proper  flue  to  the  place  where  it  is  to  be  burned,  and  finally  its  combustion 
in  the  special  metallurgical  furnace  which  is  to  be  heated  by  it.  The  plant 
consists,  therefore,  of  four  essential  parts,  namely  the  gas  producer,  the 
conduit,  the  laboratory  and  the  chimney;  in  modern  practice  there  is  gen¬ 
erally  a  fifth  part,  namely  the  steam  blower  or  fan,  the  function  of  which  is 
to  force  the  combustion  of  fuel  in  the  producer,  while  if  steam  be  used  it 
plays  also  a  part  in  the  chemical  reactions  which  take  place  in  the  process 
of  combustion.  In  gas  producing  installations,  where  the  air  is  blown  into 
the  generator  below  the  zone  of  combustion,  the  draught  producing  power 
required  of  the  chimney  is  of  course  lessened  and  the  chief  functions  of  the 
latter  become  in  that  case  the  dispersion  of  the  products  of  combustion 
formed  in  the  laboratory  of  the  furnace  and  the  introduction  of  the  sec¬ 
ondary  air.  The  generator,  laboratory  and  chimney  may  be  arranged  at 
considerable  spaces  apart,  or  they  may  be  arranged  in  close  combination. 
Many  examples  may  be  cited  of  each  type  of  installation. 

Ihe  gas  producer,  as  distinguished  from  the  simple  fire  box  in  which  the 
entire  process  of  combustion  is  effected,  is  charged  with  a  bed  of  fuel  so 
deep  that  the  sucked-in  or  blown-in  air,  in  predetermined  volume,  leads  to  a 
peculiar  process  of  distillation  and  combustion.  The  lowest  part  of  the 
bed  of  fuel,  which  is  in  contact  with  the  grate,  or  more  properly  speaking, 
the  hearth,  because  all  producers  do  not  have  grates,  is  ignited  and  acts  as 
the  agent  for  carrying  out  the  process.  It  is  immaterial,  theoretically,  if 
there  be  a  bed  of  ashes  immediately  above  the  grate,  or  hearth,  and  below 
the  zone  of  combustion,  though  practically  the  ash  zone  may  serve  a  useful 
purpose.  The  fuel  charged  through  the  top  of  the  producer  passes  in  its 
descent  through  three  stages:  (1)  drying;  (2)  distillation;  and  (3)  com¬ 
bustion.  The  air  entering  at  the  bottom  of  the  producer  burns  to  ash  the 
coke  which  exists  at  that  level,  forming  carbon  dioxide.  The  carbon  dioxide 
thus  produced,  together  with  the  nitrogen  and  unconsumed  oxygen  of  the 
air,  rises  through  the  bed  of  incandescent  fuel,  wherein  higher  up  the  free 
0X.V#cn  consumed  and  all  or  nearly  all  the  carbon  dioxide  is  reduced  to 
carbon  monoxide  according  to  the  formula  : 

C02+C=2CO. 

The  heat  of  combustion  of  carbon  when  it  has  burned  to  carbon  dioxide 
is  97  kilogram-calories.  Carbon  monoxide  when  burned  to  carbon  dioxide 
disengages  08  calories.  The  total  heat  disengaged  being  the  same,  whether 
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carbon  is  baroed  directly  to  dioxide  or  if  it  be  burned  first  to  monoxide  and 
then  to  dioxide,  it  follows  that  the  heat  of  formation  of  carbon  monoxide 
*  »  calories.  Expressed  differently,  1  lb.  „f  carbon  burned  to  2-33  lb  of 
carbon  monoxide  develops  4-150  British  thermal  units,  or  about  30%  of 
the  total  carl»on  energy  ;  in  the  secondary  combustion,  2-33  lb.  of  carbon 
monoxide  burned  with  oxygen  produce  3-06  lb.  of  carbonic  acid  and  de¬ 
velop  1«,150  heat  units,  or  70%  of  the  total  energy;  making  in  all  14,600 
heat  units  for  the  complete  combustion  of  the  original  pound  of  carbon. 
It  Ls  evident,  therefore,  that  if  the  beat  of  the  primary  combustion  of  carbon 
to  monoxide  be  not  employed  in  some  useful  manner,  30%  of  the  energy 
of  the  fuel  will  Ik-  theoretically  lost ;  i.e.,  the  gas  will  carry  into  the  furnace 
only  70%  of  the  total  energy  of  the  carl>on.  In  practice  there  are  further 
losses,  as  will  l»e  discussed  in  a  subsequent  section,  while  on  the  other  hand 
part  of  the  heat  of  combustion  of  C  to  CO  is  utilized  in  the  dissociation 
of  steam,  which  heat  is  subsequently  restored  to  a  large  extent  when  the 
gas  is  burned,  and  the  loss  of  the  sensible  heat  of  the  primary  combustion 
mav  be  further  minimized  by  placing  the  producer  close  to  the  furnace. 

In  the  zone  of  the  fuel  bed  above  that  in  which  the  reduction  of  carbon 
dioxide  takes  place,  the  gas  should  no  longer  contain  theoretically  any 
oxygen,  although  practically  there  will  be  a  small  percentage.  The  chemical 
action  which  takes  place  in  this  zone  is  a  species  of  dry  distillation,  similar 
to  that  which  occurs  in  the  retorts  employed  for  the  manufacture  of  illu¬ 
minating  gas  and  in  by-product  coke  ovens,  whereby  there  are  formed 
heavy  carbureted  hydrogen,  CH  or  C'4H4,  together  with  various  analogous 
compounds,  such  as  propyls,  butyls,  amyls,  etc.1  Further  heating  decom¬ 
poses  the  heavy  carburets  into  c-arhon  and  light  carbureted  hydrogen,  ac¬ 
cording  to  the  equation : 

C4H4=2C-|-C2H4  (ethylene). 

Other  products  richer  in  hvdrogen  and  free  hydrogen  itself  are  formed 
]n  the  same  manner  as  the  decompositions  take  place  in  every  process  of  dry 
distillation.  The  producer  gas  at  that  point,  therefore,  consists  chiefly  of 
carbon  monoxide,  nitrogen,  heavy  and  light  carbureted  hydrogen  and  free 
vdrogen,  together  with  small  quantities  of  unreduced  carbon  dioxide  and 
*atcr.  In  the  uppermost  part  of  the  fuel  bed,  where  the  temperature  is 
West,  the  formation  takes  place  of  the  distillation  products,  gcnoricallv 
n^wn  as  coal  tar,  and  the  moisture  of  the  fuel  is  evaporated. 

Sh-inmann  says  :2  “The  above  reactions  begin  at  red  heat  with  fuels  in 
P°Dcral>  but  proceed  in  a  different  manner  with  different  fuels,  with  the 

8telnmann,  Compendium  der  CJasfeuerung,  p.  2.  ‘  ^p' 
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result  that  the  pas  produced  from  stone4  coals  has  the  highest  temperature, 
while  wood  gas  has  usually  the  lowest  In  general  these  temperatures  de¬ 
pend  upon  the  depth  of  the  fuel  bed  on  the  one  hand  and  on  the  quantity 
of  chemically  combined  or  mechanically  associated  water  on  the  other  hand. 
The  presence  of  water  in  the  fuel  has  always  a  cooling  effect,  and  since  the 
water  content  of  wood,  if  the  latter  has  not  been  brought  to  a  minimum  by 
sharp  drying,  is  the  highest  of  all  fuels,  its  gas  has  the  lowest  temperature. 
Next  to  wood  gas  come  the  gases  of  air-dried  peat  and  lignites. 

"Ethyl  gas  (C4H4),  which  is  the  heaviest  constituent  of  generator  gas,  is 
set  free  in  the  greater  quantity  the  drier  the  fuel;  the  regulation  of  the 
supply  of  air  and  its  distribution  under  the  grate  is  also  of  importance  in 
this  connection.  An  excess  of  air  or  its  imperfect  distribution  favors  the 
formation  of  carbon  dioxide,  while  a  deficiency  of  air  impairs  the  ethyl  gas. 

"The  oxidation  of  carbon  is  a  complicated  process.  It  begins  at  the  mod¬ 
erately  low  temperature  of  400°  C.,  carbon  dioxide  being  formed  then  as 
the  chief  product,  whether  the  supply  of  air  be  large  or  small,  and  only  a 
very  little  carbon  monoxide  being  formed  therewith.  The  oxidation  be¬ 
comes  more  active  if  the  temperature  rises  to  700°  C.,  but  the  chief  product 
is  still  carbon  dioxide,  although  the  air  supply  be  deficient.  Even  under 
that  circumstance,  which  in  so  far  as  the  proportion  of  air  to  carbon  is  con¬ 
cerned  is  favorable  to  the  formation  of  carbon  monoxide,  only  traces  of  the 
latter  are  formed.  Above  700°  the  proportion  of  carl>on  monoxide  to  carbon 
dioxide  increases  rapidly  until  095°  is  reached  where  the  former  gas  is 
formed  exclusively.  An  increase  of  the  incandescent  bed  of  coal  does  not 
suffice  to  form  carbon  monoxide  if  the  minimum  of  temperature  (700°  C.) 
be  not  exceeded.  These  observations  explain  why  if  carbon  he  oxidized  at  a 
lower  temperature  than  700°,  it  burns  without  flame,  while  if  it  be  oxi¬ 
dized  at  a  higher  temperature  the  combustion  is  accompanied  by  a  flame. 
In  the  first  case  the  carbon  burns  directly  to  dioxide,  an  incombustible  gas, 
and  in  the  latter  to  monoxide  which  at  a  higher  temperature  burns  with  a 
further  part  of  oxygen  producing  the  characteristic  blue  flame." 

It  used  to  be  thought  that  the  direct  combustion  of  carbon  to  monoxide 
did  not  take  place,  it  being  supposed  that  the  formation  of  monoxide  was 
due  solely  to  reduction  of  carbon  dioxide  previously  formed  from  the 
carbon.1  It.  Ernst,  however,  proved  the  contrary  by  experiment.-  Ue 
found  that  the  composition  of  the  gaseous  products  of  combustion  depends 

1  Vide  Gas  Producers,  p.  115,  by  F.  J.  carbon  to  CO  with  disengagement  of  bea 
Rowan,  a  pamphlet  reprinted  from  the  Pro-  no  CX).  having  been  primarily  formed.  *aS 

ceedlngs  of  the  Institution  of  I'lvll  En-  an  unknown  chemical  process.  *’ 

gineers  I.XXXIV.  II.  1S85 -1SS6.  where  the  *  Joum.  Prakt.  Them..  XLVI1L  31  to 
author  said  “The  direct  combustion  of  solid 
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almost  entirely  upon  the  temperature.  The  formation  of  caribou 
and  dioxide  begins  at  about  400°  C,  the  production  of  the  latter  mcrea"  n! 
rapidly  up  to  ,00  C  when  it  forms  about  20%  of  the  gas,  while  the  prZ 
portion  of  monoxide  at  tliat  temperature  is  onlv  about  3%  of  the  gas  With 
further  rise  of  temperature  the  percentage  of  monoxide  increases  at  the 
expense  of  the  dioxide,  until  at  1000°  C.  it  forms  one  third  of  the  gas 
the  remainder  being  nitrogen  from  the  air.  At  that  temperature  carbon 
monoxide  is  the  direct  product  of  the  combustion. 


A  consideration  of  these  various  reactions  is  important  in  connection  with 
fuel  gas  production.  Generalizing  briefly,  O.  Boudouard,  who  is  an  eminent 
authority  on  this  subject,  has  stated  that  the  conditions  controlling  the 
reduction  of  carbon  dioxide  to  monoxide  by  carbon,  as  occurs  in  the  gas 
producer,  point  to  the  following  requisites  in  order  to  obtain  the  best  re¬ 
sults:  A  high  temperature,  inasmuch  as  the  reluct  ion  of  carbon  dioxide 
by  carbon,  which  begins  at  about  550°  C.,  is  only  complete  at  1000°  C.;  a 
porous  fuel  in  a  finely  divided  state;  and  a  very  slow  stream  of  air  and  gas.1 

FACTION'S  WITH  Steam.— When  the  producer  is  blown  with  steam,  which 
is  now  the  general  practice  in  Great  Britain  and  America,  another  reaction 
,  ***  ^ate  ‘n  t^u‘  z<)ne  °f  combustion,  namely  the  decomposition  of  water 
y  canon  with  the  formation  of  carbon  monoxide  and  hydrogen,  the  reac¬ 
tion-,  jeh  take  place  in  the  combustion  zone  being  expressed  in  this  case 
as  follows: 


0+20=00, 

CO,+C=2CO 

HjO+C=CO+2H. 


T  lan^a9es  from  the  Use  of  Steam. — The  effect  of  the  decomposition  of 
jj  ln  zoru“  °f  combustion  is  to  increase  greatly  the  percentage  of 
rb  r°^eD  *n  Pr°ducer  gas  and  consequently  its  calorific  power.  This 
course  ilDPly  a  gain  in  heat — which  would  be  contrary  to  the 
Crtased^  6  Corbi<  rva^on  °f  energy.  The  calorific  power  of  the  gas  is  in- 
^  corresponding  quantity  of  heat  is  consumed,  in  the  zone  of 

„(  n  JU<tlon  in  the  producer,  in  decomposing  the  water,  of  which  the  hydro- 
ther/h  8nbseqiient,-v  burned  in  the  laboratory  of  the  furnace.  There  is 
Thf*  a*  °n^-v  a  restoration  of  energy,  which  is  probably  never  complete, 
the  r  k  °f  ^^ni  in  the  combustion  zone  of  the  producer  is  cooling; 
i*1  ^.'drogen  in  the  lalwratorv  of  the  furnace  affords  an 

^  there.  It  has  been  previously  pointed  out  that  if  coal  were 

Boll.  Roc  r-Ki 

rfur-'Zm  -  xxv-  833  to  840.  Im-  Ann.  de  Cbimie  et  de  Physique  17).  XXIV; 

Woduei i  *®  to  the  theory  of  fuel  and  Bodliinder's  paj>er  In  Zis.  f.  Elettro- 

arp  Boudouard*8  paper  in  ohemie,  VIII,  xliv,  833  to  843,  Oct.  3«».  19<t2. 
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converted  simply  into  gas,  which  should  be  allowed  to  cool  before  beimr 
burned  further,  there  would  be  a  complete  loss  of  the  heat  of  primary  com¬ 
bustion,  which  would  amount  to  30%,  more  or  less,  of  the  original  energy 
of  the  fuel.  With  the  use  of  steam  a  large  part  of  the  heat  of  primary 
combustion  is  used  up,  at  the  point  where  it  is  developed,  in  effecting  a 
chemical  reaction  from  which  it  can  be  recovered  subsequently.  In  other 
words,  a  portion  of  the  heat  which  might  otherwise  be  wasted  is  carried  to  a 
place  where  it  is  useful.  There  may  be  therefore  an  important  practical 
gain  from  the  use  of  steam,  although  there  is  no  gain  in  the  total  energy 
over  what  existed  originally  in  the  fuel. 

It  must  be  conceded,  however,  that  the  use  of  steam  leads  to  the  produc¬ 
tion  of  a  richer  gas,  aside  from  its  tenor  in  hydrogen,  inasmuch  as  a  part 
of  the  carbon  being  burned  with  the  oxygen  derived  from  water  there  is  a 
corresponding  reduction  in  the  quantity  of  diluting  nitrogen  in  the  gas,  and 
consequently  a  saving  in  heat.  Nevertheless  it  must  not  be  forgotten  that 
coal  and  labor  arc  consumed  in  raising  the  steam  to  blow  the  producer;  the 
coal  may  possibly  be  saved  by  developing  the  steam  from  the  waste  heat 
of  the  furnaces,  but  even  then  there  remains  the  labor  and  interest  and 
amortization  charges  on  the  plant;  as  a  general  thing  a  battery  of  gas  pro¬ 
ducers  is  accompanied  by  a  direct  fired  boiler  plant. 

Relative  Quantity  of  Steam  to  be  Used. — The  quantity  of  steam  that  may 
lie  used  in  the  production  of  fuel  gas  and  the  pressure  under  which  it  is 
applied  vary  according  to  the  conditions.  In  the  manufacture  of  water  gas, 
wherein  steam  and  air  are  used  alternately,  the  latter  is  blown  in  until  the 
fuel  bed  has  attained  the  proper  temperature,  after  which  steam  is  intro¬ 
duced  until  the  temperature  has  been  reduced  to  the  point  where  the  decom¬ 
position  of  steam  is  no  longer  economical.  The  production  of  steam  fuel 
gas  on  the  other  hand  is  a  continuous  operation  and  a  balance  must  be  ar¬ 
rived  at  between  the  air  and  steam  which  will  permit  it  to  go  on  regularly  in 
the  most  efficient  manner. 

Messrs.  If.  D.  A\  ood  &  Co.-1  in  their  pamphlet  on  Fuel  Gas  reckon  that 
25%  of  the  carbon  can  be  oxidized  with  water  and  present  the  following 
computation  as  to  the  efficiency  of  the  primary  combustion  effected  in  that 
way:  Three  pounds  of  carbon  burned  with  O  of  air  and  1  lb.  burned  with 
O  of  water  develop  17,000  B.  T.  TT. ;  1-5  lb.  water,  which  furnish  1*33  lb.  0 
to  combine  with  1  lb.  of  carbon,  absorb  by  dissociation  10,333  British  ther¬ 
mal  units;  the  gas  consisting  of  9-333  lb.  CO,  0-107  11).  II  and  13-39  lb.  N, 
heated  to  000°  F.  absorbs  3718  heat  units;  10,333+3748=14,081  and 
14,000  —  11,081=3519  lost  by  radiation  and  otherwise,  wherefore  there  is  51 
1  Manufacturers  of  the  well-known  Taylor  gas  producer. 
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recovery  of  10,333-^17, 000=58-7%  of  the  heat  of  primary  combustion, 
even  if  all  the  sensible  heat  of  the  gas  he  lost.  Under  the  above  theoretical 
conditions  4  lb.  of  carbon  would  yield  338-9  cu.  ft.  of  gas  at  02°  F.  and 
atmospheric  pressure,  of  which  the  composition  by  volume  would  be  37-31% 
CO,  9-35%  II  and  53-34%  N.  Since  the  heat  absorbed  in  the  dissociation 
of  the  steam  is  recovered  in  the  subsequent  combustion  the  gas  of  4  lb.  of 


carbon  must  carry  (4X14,500)  -  (3748+3519)  =50,733  B.  T.  U.  or  ap¬ 
proximately  87%  of  the  original  calorific  energy  of  the  carbon,  without 
crediting  the  gas  with  its  sensible  heat  or  charging  it  with  the  heat  required 
for  the  generation  of  steam,  i.e.,  the  carbon  required  to  evaporate  1-5  lb.  of 
water.  As  a  conveyor  of  energy  this  gas  has  the  advantage  of  carrying 
4-46  lb.  less  of  nitrogen  than  if  the  fourth  pound  of  carbon  were  burned 
with  air. 

So  high  an  efficiency  cannot  be  attained  in  practice,  partly  because  of  loss 
of  carbon  which  escapes  combustion,  partly  because  some  of  the  carbon  is 
burned  to  C02  instead  of  CO,  and  partly  because  some  of  the  steam  escapes 
decomposition.  Those  elements  of  loss  vary  under  different  conditions. 
There  must  be  deducted  also  the  consumption  of  carbon  for  generating  the 
steam.  Assuming  that  the  accessory  plant  of  steam  boilers  evaporate  10  lb. 
of  water  per  pound  of  carbon  the  production  of  1-5  lb.  of  steam  required 
for  the  oxidation  of  one  pound  of  carbon  in  the  producer  necessitates  the 
combustion  of  0-15  lb.  of  carbon  under  the  boilers,  i.e.,  0-15-^4=3-75% 
of  the  fuel  is  used  in  making  steam  and  that  loss  is  not  recovered.  The 
percentage  varies  of  course  with  the  efficiency  of  the  boiler  and  the  kind  ol 


coal. 


The  use  of  steam  in  the  producer  presents  the  further  practical  advantage 
that  in  cooling  the  zone  of  combustion  the  trouble  from  clinkering  of  the 
ash  is  reduced.  In  many  cases  this  is  a  highly  important  consideration. 
I  he  effect  of  blowing  a  producer  with  a  very  large  volume  of  steam  is  show n 
by  the  results  of  the  Mond  producer,  q.  v.  The  gas  from  that  is  developed 
at  a  very  low  temperature  and  is  consequently  high  in  carbon  dioxide,  but 
because  of  its  high  tenor  in  hydrogen  it  possesses  a  great  caloiifu  poun. 

Practical  Considerations  in  Fuel  Gas  Production.  -Ibe  zones  o 
combustion  and  distillation  in  a  gas  producer  are  illustrated  m  the  engrav- 
hig  of  the  Wellman  producer  on  page  323.  The  zones  are  not  so  <li.  tint  . 
ouever,  in  practice  as  is  indicated  by  the  illustration.  I  hi  (l)llll' 1 
filiation  of  coal  is  attained  only  after  long  exposure  to  a  high  temperature, 
1°  hs  tendency  to  coke  into  large  masses  which  aie  not  <  a>  i  \ 
onsequently,  lumps  of  coke  frequently  pass  through  the  fin  am  < 1  1 
the  grate  while  still  retaining  some  volatile  constituents,  and  m  the 
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Thermal  Equation  of  the  Producer. — In  the  gasification  of  fuel  there 
is  a  loss  of  calorific  power  from  several  causes,  each  of  which,  as  well  as  the 
sum  of  all  of  them,  will  vary  with  the  kind  of  fuel  and  the  manner  of 
gasification.  The  measurements  with  respect  to  the  gasification  of  a  cer¬ 
tain  bituminous  coal  which  were  made  by  11.  II.  Campbell  and  reported  in 
his  elaborate  papers  in  the  Trans.  Am.  Inst.  Min.  Eng.,1  are  illustrative  of 
the  manner  in  which  such  losses  occur.  The  total  loss  reckoned  under  the 


five  captions  was  2879  calories,  or  35%. 

The  coal  which  was  used  contained  82%  carbon  and  4*7%  hydrogen.  It 
was  gasified  on  an  open  grate  with  a  steam  jet  in  the  blast.  The  loss  of 
carbon  in  the  ash  was  0%  of  the  weight  of  the  coal,  wherefore  the  quantity 
of  carbon  gasified  was  7G%  of  the  weight  of  the  coal.  The  gas  produced 
had  the  following  composition:  CO,  22-8%;  II,  8-5%;  CH4,  2-4% ;  CJI4, 
0-4%;  COj,  5-2%;  O,  0*4%;  X,  G0*3% ;  total,  100%  Each  kilogram  of 
coal  developed  4*50  cu.  m.  of  gas.  The  gas  had  a  calorific  value  of  1170 
calories  per  cu.  m.,  wherefore  1000  calories  were  developed  by  0*855  cu.  in. 
of  gas,  which  required  for  combustion  0-8G9  cu.  m.  of  air,  producing  0*267 
cu.  m.  of  C02,  0*133  cu.  m.  of  H„0  and  1*202  cu.  m.  of  nitrogen,  making 
total  products  of  combustion  to  the  amount  of  1*002  cu.  m. 


The  total  heat  value  of  the  coal  was  8198  calories  per  kilogram,  of  which 
2879  calories,  or  35%,  were  lost  in  the  producer,  the  remaining  5319  cal¬ 
ories  being  delivered  to  the  laboratory  of  the  furnace  as  potential  energy 
in  the  gas.  The  losses  in  the  producer  per  kilogram  of  coal  were  itemized 


as  follows: 

(1)  b  n consumed  Carbon. — Potential  heat  lost  by  unconsumed  carbon 
in  the  ash  amounted  to  483  calories  or  5*9%  of  the  total  heat  generated; 
this  is  due  entirely  to  unconsumed  carbon,  the  physical  heat  of  the  ashes 
being  nearly  all  utilized  while  lying  in  the  lower  part  of  the  fire  and  in 
the  ash  pit  in  heating  the  incoming  air  and  moisture;  the  amount  ol  heat 
actually  carried  away  is  specific  heat  and  may  be  neglected. 

(2)  Latent  brat  of  volatilization  of  the  hydrocarbons  amounted  to 
calories  or  1*3%  ol  the  total  heat  generated. 

(3  )  Decomposition  and  heating  of  steam  absorbed  35G  calories,  or  1*3%; 
tin*  loss  of  beat  under  this  caption  is  caused  in  three  ways,  namely,  («)  t'%lll)' 
oration  of  moisture  in  the  coal  and  heating  of  the  resulting  steam,  which 
led  to  a  loss  ol  18  calories,  the  coal  containing  2%  moisture,  (b)  heat  ab¬ 
sorbed  by  un decomposed  steam,  which  amounted  to  38  calories,  ami  (r)  ^ 
composition  of  steam,  which  amounted  to  300  calories,  making  the  total  of 
356  calories. 


1  'ol.  XIX.  pp.  12.8  to  187,  an<l  Yol.  XXII. pp.  345  to  511. 
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^4)  Radiation  and  conduction .  which  are  estimated  bv  ulferenoe,  caused 
a  loss  of  355  calories,  or  KPT  of  the  whole. 

Sensible  heat  of  the  gas,  assuming  that  the  gas  lias  a  temperature 
0f  750°  C.  and  a  specific  heat  of  0*317,  amounted  to  t0S5  calorics,  or  13*2%. 

Gas  Firing  Compared  with  Direct  Firing. — In  comparing  gas  tiring  and 
direct  firing,  the  loss  of  heat  through  uncousumed  earhon  w  ill  probably  he 
considerably  less  in  the  gas  producer  than  on  the  direct  grate,  especially  if 
tin*  producer  Ik*  of  the  modern  type  with  closed  ash  pit  and  no  grate  at  all, 
the  zone  of  combustion  resting  on  the  bed  of  ashes;  in  such  producers,  with 
certain  kinds  of  fuel,  the  quantity  of  uueonsumed  carbon  in  the  ash  may 
be  as  low  as  0*5%  of  the  original  carbon  in  the  coal;  on  the  other  hand, 
with  open  grates,  both  in  gas  producers  and  direct  heating  fireplaces,  the 
loss  of  carbon  in  the  ash  may  be  very  high,  especially  with  inferior  coals.1 
The  difficulties  involved  in  the  burning  of  bituminous  coal  by  direct  tiring, 
which  were  discussed  in  a  previous  section,  are  overcome  in  gas  bring,  with 
the  result  that  combustion  is  more  complete. 

Gas  firing  as  compared  with  direct  presents  another  important  advantage 
in  the  fact  that  in  general  the  quantity  of  air  required  for  the  combustion 


of  the  coal  is  considerably  less,  wherefore  the  heat  is  saved  that  would  be 
otherwise  consumed  in  raising  the  surplus  to  the  temperature  prevailing  in 
the  laboratory  of  the  furnace.  The  necessity  for  less  air  for  combustion  in 
gas  firing  is  due  partly  to  the  replacement  by  steam  of  a  part  of  the  air, 
possibly  to  the  extent  of  one  fourth  of  the  oxygen  required  for  the  primary 
combustion  to  carbon  monoxide  in  the  producer;  partly  to  the  fact  that  the 
producer  gas  can  be  burned  secondarily  with  a  less  excess  of  air  than  is 
required  for  the  direct  combustion  of  coal,  and  partly  to  the  non-admission 
°f  false  air  during  stoking.  If  the  gas  firing  be  done  recupcratively,  and 
d'»'  products  of  combustion  are  finally  discharged  to  the  chimney  at  a  low 
temperature,  the  loss  of  heat  through  use  of  even  a  large  excess  of  air  is 
relatively  small. 

Position  of  (Jas  Producers  w  ith  Respect  to  the  li  unace.  A  iluo- 
r,houl  discussion  of  the  subject  of  fuel  gas  production  leads  naturally  to  a 
uisideration  of  the  question  as  to  the  proper  position  ol  the  gar*  piodtu.tr> 
w>tb  respect  to  the  furnaces  in  which  their  gas  is  to  be  employed  foi  lu at 


1 

r^pinh' i  V  ^ '!<V*S  r^ner*38*  'n  Handbook  of 
ashes  ?.  ‘ntfne<*rlng.  11,  71,  n  sampling  <>f 
Rrl,,,,  ™  *  ,arK<*  strain  plant  In  Great 

27<e  C.  In  another 
la  in,.']  VV*  b  -•*•*>  a  slack  coal  which 
fr,  '  ,l’^%  ash  hy  analysis  gave  a 
°tu  iluj  grates  which  contained  3S% 


net  which  was  only  discovered  through 

m plaint  of  the  stokers  that  they  had 
I, eel  out  as  much  clinker  as  the  coal 
n.t  In.”  Experiments  in  the 
,f  rose  Bros.  &  Co.  showed  that  In 
,g  anthracite  culm  the  carbon  in  the 
ns  sometimes  as  high  ns  5S%. 
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ing.  It  is  impossible  to  lay  down  any  general  rule  covering  this  question, 
which  must  be  answered  for  each  particular  case  after  a  study  of  the  con¬ 
ditions.  The  theory  of  fuel  gas  production  implies  that  if  the  gas  he  cooled 
before  combustion,  there  will  be  a  large  loss  of  thermal  energy  and  the  only 
possible  advantage  in  gas  firing  must  be  in  the  utilization  of  such  a  high 


percentage  of  the  energy  delivered  in  the  gas  to  the  furnace  that  the  ulti¬ 
mate  result  will  be  a  higher  development  of  the  energy  present  originally 
in  the  fuel  than  can  be  obtained  by  direct  firing. 

It  is  evident  that  if  the  gas  producer  be  directly  connected  with  the  heat¬ 
ing  furnace,  as  is  the  case  with  the  furnaces  used  for  the  manufacture  of 
illuminating  gas,  and  the  Boetius  and  other  furnaces  of  that  type  which  are 
still  employed  extensively  on  the  continent  of  Europe,  there  need  be  theo¬ 
retically  no  loss  of  energy,  inasmuch  as  the  heat  of  the  primary  combustion 
is  utilized  directly  in  the  furnace  and  there  can  be  no  condensation  of  tar 
or  deposition  of  soot.  The  combustion  of  coal  in  such  systems  of  gas  firing 
in  fact  differs  from  the  combustion  on  direct  grates  only  in  degree.  On  the 
other  hand,  although  they  utilize  the  heat  of  formation  of  carbon  monoxide, 
they  lose  many  of  the  advantages  which  are  gained  in  independent  producers 
at  the  expense  of  that  heat.  As  compared  with  direct  firing  they  gain  only 
in  ability  to  elongate  the  flame,  together  with  possibly  a  reduction  in  the 
necessary  supply  of  oxygen  for  combustion  and  consequent  saving  of  heat 
units,  and  a  greater  facility  for  the  adoption  of  a  heat  recuperative  system. 
There  is  but  little  economy  in  labor  and  the  temperature  of  the  furnace  is 
subject  to  fluctuation  because  of  the  intermittent  character  of  the  stoking, 
much  as  it  is  with  direct  firing.  There  is  obviously  no  advantage  in  blowing 
such  a  producer  with  steam,  apart  from  such  physical  advantage  as  may  ha 
obtained  when  badly  elinkering  coal  is  being  used,  because  the  heat  of  forma* 
tion  of  carbon  monoxide  is  being  utilized  directly  in  the  furnace,  and  as  has 
been  pointed  out  previously,  the  introduction  of  steam  cannot  possibly  lead 
to  any  gain  in  energy;  in  fact,  the  steam  itself  necessitates  a  certain  con 
sumption  of  coal  for  its  production. 

Grouping  of  Producers  in  Batteries. — When  the  producers  are  separat'd 
entirely  from  the  heating  furnace,  it  is  possible  and  frequently  advisable  to 
group  them  in  a  battery,  which  makes  it  easy  to  deliver  mechanically  f° 
them  the  coal  which  is  to  be  consumed,  and  generally  permits  of  economy 
in  labor.  Tt  must  not  be  expected,  however,  that  gas  firing  will  in  any  ease 
tai  to  a  great  sa\ing  of  labor,  because  the  management  of  a  producer  in 
\o  ves  a  high  class  of  stoking:  it  may  be  reckoned  that  the  care  of  two  8  f  • 

t  i  ar  pro<  net  rs,  gasifying  each  about  eight  tons  of  coal  per  21  hour?' 
all  that  one  man  working  a  12-hour  shift  is  capable  of.  A  great  advantage 
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in  the  arrangement  of  the  producers  in  battery  lies  in  the  fact  that  when 
installed  so  as  to  discharge  into  a  common  main  with  branches  to  the  fur 
naces,  the  irregularities  of  gas  production  in  the  various  generators  are 
offset,  with  the  result  that  the  furnaces  will  receive  an  even  character  of  As 
If  the  heating  furnaces  are  of  the  Siemens  regenerative  type  there  will 
be  no  gam  of  energy  by  supplying  them  with  hot  gas/  and  in  con¬ 
nection  with  that  type  there  is  probably  no  question  that  the 
producers  are  best  grouped  in  a  battery  at  a  convenient  place 
within  a  reasonable  limit  of  distance  from  the  various  heating  furnaces 
and  operated  with  the  maximum  quantity  of  steam  so  as  to  produce  a 
gas  with  the  highest  possible  content  of  hydrogen.  If  the  heating  furnaces 
be  on  the  other  hand  of  the  counter-current  recuperative  tvpe,  or  of  a  non- 
recuperative  type,  the  position  of  the  producer  is  governed  largely  by  the 
question  as  to  whether  the  gain  in  fuel  energy  is  offset  by  the  disadvantage 
of  irregularity  in  the  gas  supply  or  vice  versa.  There  are  some  heating 
furnaces,  for  example  certain  zinc  distillation  furnaces,  which  are  so  large 
that  they  require  the  gas  from  several  producers,  in  which  case  it  is  possible 
to  install  the  latter  in  small  batteries  close  to  the  furnace,  thus  preserving 
much  of  the  sensible  heat  of  the  gas  and  furnishing  the  latter  in  a  fairly 
regular  supply,  without  decomposition  of  the  unstable  hydrocarbons. 

*°  Economy  in  Supplying  Hot  Gas  to  Siemens  Furnaces. — It  is  now  gen¬ 
era  i  accepted  among  gas  firing  engineers  that  the  producer  should  be 
P  aced  near  the  furnace,  if  there  be  no  offsetting  advantages  for  a  remote 
oca  ion.  This  principle  applies,  however,  only  to  direct  gas  firing  and 
°es  not  hold  good  if  the  heating  furnace  be  of  the  regenerative  type.  The 
erence  between  a  regenerative  and  a  non-regenerative  furnace  is  fre¬ 
quently  lost  sight  of  in  this  respect.  With  a  regenerative  furnace  if  the 
Pro  ucer  be  placed  closely  thereto,  so  that  a  hotter  gas  is  delivered  to  the 
„  ace>  &e  only  result  will  be  a  corresponding  rise  in  the  temperature  of 
e  products  of  combustion  escaping  into  the  chimney.  It  is  true,  says 
r  1  ^P^ell,  that  when  the  gas  is  hot,  less  heating  of  the  gas  chambers  is 
^quired,  and  hence  less  checker  work  will  suffice  j  but  that  is  a  small  matter, 
the"  ^  110  bearinS  on  the  fuel  economy.  Whatever  is  gained  by  hot  gas  at 
ilo  lnC01111n»  end  is  lost  on  reversal  in  the  outgoing  products  of  combustion. 
hamff0Ver>  a  sPoe*at  system  of  valves  must  necessarily  be  constructed  to 
Cool.  G  b°t  gases,  since  ordinary  valves  soon  warp  and  leak  and  water 
manif^S  be  th°ught  of,  for  that  involves  chilling  the  gas,  which  is 

tl\  opposed  to  the  intent  of  the  practice  in  question, 
is  °P  Fl'El  Stoabie  for  Gas  PnODFCTOM.-In  the  United  States  it 
e  to  find  any  fuel  employed  for  the  production  of  generator  gas  other 
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than  coal,  bituminous  or  anthracite.  Gas  firing  in  this  country  is  practiced 
chiefly  in  the  iron  and  steel  districts  of  the  East.  In  the  metallurgical 
districts  west  of  the  Mississippi  River  there  are  only  a  few  examples  of  the 
use  of  producer  gas.  In  Europe,  where  gas  firing  is  more  generally  prac¬ 
ticed,  fuels  of  various  kinds  are  used,  including  wood,  peat,  lignite,  brown 
coal  and  stone  coal,  and  the  design  of  the  producers  varies  essentially  ac¬ 
cording  to  the  kind  of  fuel ;  thus  the  thickness  of  the  bed  that  can  be  carried 
is  governed  chiefly  by  the  physical  condition  of  the  fuel,  while  the  form 
and  size  depend  greatly  on  its  puritv. 

Desirability  of  Good  Fuel. — In  some  treatises  on  gas  firing  the  reader  is 
caused  to  mid  erst  and  that  the  fuel  required  for  the  production  of  gas  in  a 
generator  need  not  be  of  superior  quality. .  It  is  true  that  gas  can  lie  made 
from  inferior  fuels  such  as  peat,  wood  and  even  sawdust,  and  these  ma¬ 
terials  may  be  burned  for  the  production  of  high  temperatures  in  metal¬ 
lurgical  furnaces,  as  is  practiced  at  various  places  in  Europe,  where  if  they 
had  to  be  burned  directly  the  results  would  not  be  satisfactory.  In  such 
work  the  gas  producer  plays  the  part  of  an  apparatus  for  recovering  the 
energ}  of  what  would  be  otherwise  a  waste  or  useless  product.  The  pro¬ 
ducer  cannot,  however,  create  any  energy  beyond  what  exists  originally  in 
the  fuel,  and  it  follows  that  a  better  gas  can  be  made  from  a  high  grade 
fuel  than  from  a  low'  grade.  A  true  statement  of  the  case  is  this:  although 
the  producer  may  make  it  possible  to  use  an  inferior  fuel,  which  perhaps 
cannot  be  burned  satisfactorily  by  direct  firing,  better  results  are  obtained 
with  a  fuel  of  superior  quality,  precisely  as  in  direct  firing.  There  are, 
owes  er,  some  kinds  of  fuel  of  fairly  high  calorific  power  which  possess 
certain  qualities,  for  example,  a  badly  clinkering  ash,  which  gives  so  much 
trouble  in  the  producer  that  they  cannot  be  satisfactorily  gasified  therein, 
although  the)  ma\  ^till  be  useful  on  a  direct  heating  grate. 

In  places  where  two  kinds  of  fuel  are  available  for  gas  production  the 
choice  i>  governed  by  the  economical  considerations,  including  the  first  cost 
of  the  fuel,  the  quantity  and  calorific  power  of  the  gas  developed,  and  the 
cost  of  managing  the  producers;  for  example,  it  is  the  experience  in  the 
iron  and  steel  district  surrounding  Pittsburg,  Pa.,  that  run  of  mine  coal 
is  preferable  to  slack  for  gas  production,  notwithstanding  the  higher  first 
*°n  °/  t^16  ^0rmcr-  In  this  connection  it  may  be  remarked  that 
1  crcncc  in  the  price  of  run  of  mine  coal  and  slack  is  frequently  less  in 
proportion  than  their  actual  heating  powers.  Aside  from  that  point,  the 
un  c  min<  coal  apt  to  permit  a  better  management  of  the  producer, 
oeing  not  only  lower  in  ash,  but  also  capable  of  a  more  gradual  develop- 
nu  n  o  gas,  because  of  the  slower  distillation  and  combustion  of  the  large 
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l“,"ps  of  coal  which  exist  in  it,  whereas  those  actions  take  place  more 
rapidly  with  line  coal  slack  anil  there  are  greater  rises  anil  falls  in  the  evo- 
lution  of  gas  in  the  intervals  between  charging 

Difference  in  Results  with  Good  and  Bad  Coals.— In  the  pamphlet  con¬ 
cerning  the  Taylor  gas  producer  and  gas  fuel,  published  by  It.  1).  Wood  & 
Co.,  of  Philadelphia,  the  character  of  fuel  best  suited  for  gas  production  is 
summarized  as  follows : 

“In  making  gas  from  bituminous  coal  the  best  results  are  obtained  from 
a  good  clean  coal,  low  in  ash  and  high  in  volatile  matter.  A  poorer  quality 
does  not  make  so  good  a  gas,  nor  can  the  producer  be  driven  so  hard.  In 
high  temperature  work  a  high  percentage  of  volatile  hydrocarbons  in  the 
coal  is  very* desirable  and  a  smaller  consumption  of  coal  is  then  needed  to 
do  a  given  work.  Thus  where  coals  are  inferior  and  cheap,  it  may  be 
cheaper  to  bring  from  a  distance  higher  priced  coals  of  good  quality.  This 
is  done  advantageously  in  numerous  instances. 

“The  size  of  coal  is  not  so  important,  especially  when  the  coal  cakes,  for 
it  then  fuses  together  in  large  masses,  which  on  being  broken  with  a  bar 
make  the  fuel  bed  porous  and  open.  Nut  size  is  a  very  convenient  one  for 
use  in  the  producer,  although  run  of  mine  in  which  the  lumps  are  small 
enough  to  pass  through  the  hopper,  or  slack,  or  a  mixture  of  the  two,  are 
used  very  successfully.  The  clinkers  which  form  from  soft  coal  are  rarely 

large  and  are  handled  with  little  trouble,  except  when  very  lean  coal  is 
used. 

Although  the  producer  works  to  best  advantage  on  coal  of  good  quality, 
nevertheless  the  modern  facilities  for  cleaning  the  producer  and  the  perfect 
application  of  the  steam  and  air  make  it  possible  to  use  successfully  a  very 
inferior  coal,  but  the  gasification  must  be  slower  than  with  good  coal, 
there  is  one  large  plant  using  Taylor  producers  to  gasify  a  slack  coal  con- 
laming  over  40%  of  ash,  and  what  is  worse,  a  large  percentage  of  iron 

sulphide. 

^Vlien  anthracite  is  used  the  cheapest  form  is  No.  1  buckwheat,  with  a 
J°'r  Pontage  of  difficultly  fusible  ash,  low  in  moisture  and  high  in  vola- 
1  e  combustible.  An  important  point  in  using  anthracite  is  that  too  much 
lne  c*Usl  is  very  objectionable,  since  it  makes  the  interstices  too  small,  or 
much  smaller  in  some  parts  of  the  bed  than  others.  This  tends  to  honev- 
°mb  the  fuel  bed  unless  much  barring  is  done,  or  what  is  worse,  if  the 
csistance  in  the  fuel  bed  is  too  great,  the  blast  will  seek  the  walls  as  the 
P  ace  of  least  resistance,  and  the  gas  will  be  worthless,  becoming  high  m 
J)omc  acid.  Anthracite  in  the  form  of  culm  or  poorly  prepared  buck- 

°at  cann<>t  be  gasified  to  advantage  in  a  producer.  However,  a  continu- 
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ous  feed  adjusted  so  as  to  maintain  a  proper  fire  surface,  showering  the  coal 
evenly  and  regularly  into  the  producer,  assists  largely  in  the  use  of  those 
coals  which  arc  inferior  because  of  size  or  quality.” 

Comparison  of  Anthracite  and  Bituminous  Gases.— In  the  previous 
discussion  of  the  production  of  fuel  gas  reference  has  been  made  especially 
to  gas  produced  from  bituminous  coal,  which  is  industrially  by  far  the 
more  important  kind  of  fuel  gas.  In  the  eastern  part  of  the  United  States, 
however,  where  anthracite  is  available,  gas  is  made  very  successfully  from 
that  kind  of  coal,  and  is  used  not  only  for  heating  purposes  but  also  for 
the  operation  of  gas  engines,  for  which  purpose  bituminous  gas  made  in  the 
ordinary  manner  is  not  to  be  recommended,  because  of  the  difficulties  that 
are  experienced  on  account  of  its  tarry  constituents.  Because  of  the  ab¬ 
sence  of  those  constituents  in  anthracite  fuel  gas,  the  latter  presents  impor¬ 
tant  differences  lrom  bituminous  gas  even  when  used  for  heating  purposes. 
Ihis  subject  has  been  discussed  lucidly  by  W.  II.  Blauvelt  in  the  Trans. 
Am.  Inst.  Min.  Eng.,  XX,  G25,  and  XXII,  380.  The  following  is  sum¬ 
marized  from  Mr.  Blauvelt’s  papers: 

W  itli  producers  operated  by  natural  draught  it  is  necessary  to  use  the 
larger  and  more  expensive  sizes  of  anthracite  in  order  to  permit  the  draught 
o  pass  through  the  fuel  bed  with  sufficient  rapidity.  Attempts  to  use 
uc  w  uat  and  rice  with  forced  draught  have  met  with  but  partial 
success  in  most  types  of  producers,  one  reason  being  that  when  the  small 
coal  is  incandescent  it  will  run  through  the  smallest  opening  in  a  persistent 
s  ream,  occasioning  a  large  loss  through  the  grate  when  the  producer  is 
mi  a^°  ^nJurhig  the  quality  of  the  gas  for  a  considerable  time. 

ia  i  cu  t  v  has  been  overcome,  however,  in  the  later  forms  of  producers 
me  no  grates  and  with  them  it  is  possible  to  make  from  anthracite 
own  to  buckwheat  size  a  good  gas,  low  in  CO.  and  with  but  trifling  loss 
j-i  ,  n.m  a  as|1‘  ^ 'tb  smaller  sizes,  however,  every  attempt  to  force 

n  j  °  .°.  <  01"  "l't  'on  a  reasonable  speed  results  in  deflecting  the  steam 
bust  inn  \vi  "  *  ",  'va**s’  ^u,s  creating  an  annular  zone  of  intense  corn¬ 
eas  contain’ 1  811  11  n  urno(l  center,  and  producing  only  a  small  quantity  of 
gas  containing  a  high  proportion  of  C02. 

minowi  Cnl  Analysis  to  Show  the  True  Composition  of  Bit11' 

is  their  ann  110  a  >  e  difference  between  anthracite  and  bituminous  gas 
SXT  Whm  !,ur'li,,ff'  Th<>  with  „  bluish,  ata«* 

pusition  „f'lh  ,  hCrCa8  the  latt,‘r  ll,,rns  with  a  luminous  flame.  The  corn- 
reason  for  tint  "r  S  as.sho'ni  %  Chemical  analysis  docs  not  indicate  the 
«hiA  h  ,^i.  T"»m  appcarancc  «  U*  difference  in  heating  effort 
P  '  UCLd-  Representative  gases  made  from  anthracite  and 
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bituminous  coal,  according  to  the  best  practice, .  show  substantially  the 
same  composition  as  appears  in  the  following  analyses: 


CO 

H 

ch4 

c,lf4 

C02 

N 

Anthracite. . .  . 
Bituminous .  . . 

270% 

270 

120% 

120 

1*2% 

2*5 

2*5% 

2*5 

573% 

560 

It  is  understood  now,  however,  that  an  analysis  of  bituminous  gas  does 
not  represent  its  actual  composition.  Theoretically  a  gas  made  from  bitu¬ 
minous  coal  containing  30  to  35%  volatile  matter  should  contain  12  to 
lf%  of  hydrocarbons,  or  six  times  the  quantity  shown  in  the  above  analyses. 
The  reason  that  the  gas  does  not  show  such  a  tenor  lies  in  the  fact  that  when 
bituminous  coal  is  gasified,  only  a  small  portioii  of  the  hydrocarbons  is  con¬ 
certed  into  fixed  gas,  the  remainder  being  merely  volatilized  and  carried  as 
capor  to  the  furnace.  That  vapor  is  condensed  in  the  apparatus  for  sampling 
and  therefore  does  not  appear  in  the  analysis.  This  circumstance  indicates 
the  importance  of  maintaining  the  temperature  of  bituminous  gas  during 
its  passage  from  the  producer  to  the  furnace  at  a  point  which  will  prevent 
the  condensation  of  the  hydrocarbon  vapors,  in  order  that  the  full  value  of 
those  may  be  secured. 

Superiority  of  Bituminous  Gas  for  High  Temperature  Work. — According 
h)  J.  Taylor1  a  bituminous  coal  containing  32%  of  hydrocarbons,  55% 
of  fixed  carbon  and  13%  of  water  and  ash,  should  yield  theoretically  a  gas 
containing  by  volume  27-8%  CO,  2-7%  C02,  13-2%  CH4  and  C,II4,  8-3% 
and  47*8%  N".  Such  a  gas  has  a  calorific  power  of  58  calorics  (230 
T.  U.)  per  cubic  foot,  while  the  same  volume  of  the  best  quality  of  gas 
r°m  anthracite  (for  example,  one  of  the  composition  mentioned  above)  has 
°ol}  about  34  calories,  a  difference  of  over  G0%  in  favor  of  the  former, 
although  the  coals  from  which  the  two  gases  were  made  show  a  thermal 
difference  of  only  7%,  containing  respectively  7900  and  7400  calories  per 
1  °gram.  These  figures  explain  why  bituminous  gas  is  so  much  superior 
°r  heating  at  high  temperatures  while  in  low  temperature  work  its  superi- 
or,ty  does  not  appear ;  in  fact,  at  low  temperatures  the  values  of  the  two 
gases  are  nearly  equal  when  the  gas  from  a  given  quantity  of  coal  is  taken 
3S  *  ^asis  °f  comparison. 

Jn  boiler  firing,  where  only  a  low  temperature  is  reached,  the  work  done 
/  a  p0lmd  of  bituminous  coal  is  but  slightly  greater  than  that  done  by  the 
,anjc  quantity  of  anthracite.  The  reason  for  this  is  because  the  shell  of  a 
ller  Cannot  be  heated  beyond  a  point  which  is  far  below  the  flame  tempera- 
1  Trans.  Am.  Inst.  Min.  Enff..  IHt  ^70. 
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ture  of  the  gas,  and  the  work  done  is  Bimply  the  transference  of  the  heat 
units  from  the  gas  to  the  water  in  the  boiler.  It  is,  therefore,  no  advantage 
to  bituminous  gas  that  the  heat  units  are  more  concentrated  than  in  anthra¬ 
cite  gas.  In  estimating  the  work  of  the  fuel  the  only  question  is:  How 
many  heat  units  does  it  contain  that  are  capable  of  absorption  by  the  water, 
assuming  the  boiler  to  be  set  so  as  to  absorb  all  available  heat  from  the 
gases.  In  a  high  temperature  furnace  the  material  to  be  heated  is  usually 
charged  cold  and  the  object  is  to  raise  it  as  rapidly  as  possible  to  a  high 
temperature.  Under  those  circumstances  the  difference  in  intensity  of  (10% 
in  favor  of  the  bituminous  gas  is  a  great  advantage.  A  comparatively  small 
portion  of  the  heat  generated  is  absorbed  by  the  charge  and  the  gases  leave 
the  furnace  without  being  materially  cooled.  It  is  apparent,  therefore,  that 
intensity  is  desirable  rather  than  the  mere  delivery  of  a  certain  number  of 
heat  units  to  the  furnace  per  minute,  and  that  the  inferior  intensity  of 
anthracite  gas  can  be  offset  by  its  consumption  in  greater  quantity  only  to  a 
point  where  the  necessarily  increased  size  of  the  furnace  causes  the  heat  to 
be  radiated  as  fast  as  it  is  supplied. 

Difference  in  Flame  Temperature  and  Luminosity. — Theoretically  tha 
maximum  temperature  of  the  furnace  should  be  that  of  the  flame  tempera¬ 
ture,  providing  that  all  radiation  could  be  prevented.  Assuming  the  gas 
and  air  for  combustion  to  enter  at  a  temperature  of  1000°  C.,  the  flame 
temperature  of  anthracite  gas  would  be  approximately  2850°  C.  and  that 
of  bituminous  gas  3190°  C.  Although  those  temperatures  are  much  higher 
than  can  be  attained  in  practice,  they  arc  assumed  to  show  approximately 
the  difference  obtainable  with  the  two  gases,  since  with  properly  constructed 
furnaces  the  loss  by  radiation  would  not  differ  materially  with  such  differ¬ 
ence  in  temperature.  The  difference  in  flame  temperature  is  not  sufficient, 
however,  to  account  for  the  great  superiority  of  bituminous  gas,  and  the 
superiority  of  the  latter  must  be  attributed  largely  to  the  fact  that  the  g11* 
being  more  concentrated  burns  more  quickly,  thus  developing  a  higher  heat 
before  it  can  be  dissipated  by  radiation,  and  also  to  what  is  probably  more 
important,  the  luminous  quality  of  the  gas,  which  causes  heat  to  be  g''lIJ 
out  to  the  charge  by  radiation  as  well  as  by  conduction.  The  importance  o 
heating  by  radiation  is  now  acknowledged  and  the  accepted  type  ot  big1 
temperature  furnace  is  one  with  a  high  roof  and  ample  room  for  the  deu 
opment  of  the  flame  to  tin*  highest  temperature.  The  flame  is  relied  up011 
to  heat  the  charge  by  its  radiant  power,  no  attempt  being  made  t o  foie  1 
down  upon  the  charge  as  with  the  old  low-roof  furnace.  The  superiority  " 
bituminous  gas  over  anthracite  is  therefore  due  largely  to  its  hydrocarbons 
which  give  it  intensity  and  also  luminosity. 
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Heating  by  RADiATiON.-The  questions  of  the  luminosity  of  burning 
gas  and  heating  by  radiation  were  discussed  very  lucidly  by  George  W 
Goetz  in  the  Tram.  Am.  Inst.  Min.  Eng.,  XXII,  G82  to  G85,  in  connection 
with  which  some  important  views  imparted  in  conversation  by  Friedrich 
Siemens,  of  Dresden,  were  put  on  record.  Before  stating  Mr.  Siemens’ 
views,  Mr.  Goetz  referred  to  several  considerations,  mentioned  in  a  debate 
on  this  subject  before  a  number  of  British  gas  engineers,  as  follows: 

“It  is  an  undoubted  fact  that  the  heat  of  the  Bunsen  burner  is  more 
highly  concentrated  than  that  of  the  illuminating  flame,  and  it  is,  therefore, 
universally  adopted  for  boiling  purposes  where  it  is  desirable  to  concentrate 
the  whole  heat  on  the  vessel.  For  this  purpose  the  Bunsen  flame  possesses 
another  very  desirable  qualification,  viz.,  it  does  not  deposit  soot  on  the 
bottom  of  the  vessel  against  which  it  is  directed,  and  thereby  does  not  ob¬ 
struct  the  conduction  of  the  heat  by  the  intervention  of  a  powerful  non¬ 
conductor.  But  beyond  that,  the  superior  qualities  of  the  Bunsen  flame 
do  not  go.” 

Mr.  Goetz  went  on  to  say  that  if  the  statement  that  the  Bunsen  burner 
evelops  a  much  higher  temperature  than  an  illuminating  flame  were  meant 
to  be  accepted  as  an  absolute  one  it  could  be  proved  by  an  experiment  sug- 
stod  by  Doctor  O’Conor  Sloane  that  such  is  not  the  case,  Doctor  Sloane’s 
statement  being  as  follows:1 

Take  two  burners  (a  Bunsen  and  a  white  flame)  adjusted  to  consume 
equal  quantities  of  gas,  and  introduce  them  into  two  separate  tubes  sur¬ 
rounded  by  a  water  jacket ;  the  same  amount  of  water  at  the  same  tempera- 
ore  to  be  placed  in  each. 

^i(  t  each  tube  have  sufficient  convolutions  to  present  a  large  conducting 
or  act.  Allow  the  flames  to  burn  the  same  length  of  time  in  each  tube 
*“  ^le  temperature  of  the  water.  It  will  be  the  same  in  each  case, 

^1<’  ^eat  developed  in  both  burners  to  have  been  equal, 
wh  f  ^  eS<"  Aments  were  tried  under  an  open  vessel,  with  Bunsen  and 
(1  ^  tlarne  respectively,  the  results  would  be  very  different.  The  Bunsen 
lar/  boil  the  water  more  quickly  than  the  white  flame,  because  a 

of  u  of  the  heat  developed  by  the  latter  would  never  strike  the  bottom 
1)J !'  |mn  at  a11,  but  woul(1  be  radiated  off  in  all  directions.  Quoting 
]llm-°r  Roane’s  words,  “the  difference  between  an  luminous  and  a  non- 
n,»*  flame  is  one  of  character  onlv;  if  all  the  heat  be  utilized,  one  is  as 
*2**  the  other.”  Professor  Tyndall  says:2  “The  Bunsen  flame  » 
hottcr  than  an  ordinary  flame,  because  the  combustion  is  much 

^0'irnai  of  UnsIlKht,  XXXIII,  878. 

,loat  oh  a  Mode  of  Motion,  tlftli  edition,  Lonpmnn,  1«7.>.  p. 
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quicker,  and  therefore  more  intense,  but  it  is  not  hotter,  not  nearly  so  hot, 
to  a  body  exposed  to  its  radiation.”  Tyndall  gives  the  proportions  of  radi¬ 
ant  heat  as  30%  in  the  illuminating  flame  and  12%  in  the  Bunsen  flame. 

Opinions  of  Friedrich  Siemens. — Mr.  Goetz  then  presented  the  statements 
of  Friedrich  Siemens  concerning  the  general  application  of  heat  as  follows: 

“In  all  heating  operations  it  is  the  natural  tendency  to  try  to  get  the 
highest  effect  with  the  least  consumption  of  fuel  and  labor.  To  attain  the 
above,  perfect  combustion  is  essential ;  yet  perfect  combustion  does  not  cover 
all  practical  requirements.  There  are  heating  operations  which  require 
particular  conditions.  One  must  consider  particularly  whether  a  large 
quantity  of  heat  is  required,  as  when  firing  a  boiler,  or  whether  intensity  is 
required;  or  whether  both  intensity  and  quantity  are  wanted,  as  in  a  steel 
melting  furnace. 

“One  should  not  attempt  to  burn  gas  according  to  a  fixed  scheme;  each 
case  ought  to  be  specially  examined  and  the  design  so  made  as  to  meet  all 
practical  requirements.  To  insure  perfect  combustion  every  flame  should 
have  ample  room  for  free  development. 

“Practical  observations  have  shown  that  a  flame  must  be  so  directed  in  a 
furnace  that  it  will  not  come  in  contact  with  the  surface  of  a  solid,  such  as 
the  walls  of  the  furnace,  or  the  material  which  is  being  heated  therein. 

“When  ample  space  is  given  to  a  flame  for  its  free  development,  not  only 
a  higher  effect  is  attained,  but  also  a  saving  in  refractory  materials,  time 
and  labor.  Recent  constructions  have  shown  the  practical  value  of  these 
facts,  especially  in  the  designs  of  steel  and  glass  melting  furnaces  with  high 
roofs. 

“One  of  the  advantages  of  gaseous  over  solid  fuel  is  that  the  former  per¬ 
mits  a  more  accurate  regulation  of  the  air  for  combustion. 

“The  Bunsen  burner  is  only  of  advantage  when  small  surfaces  are  to  be 
heated  or  when  the  flame  is  to  strike  a  body,  as  shown  by  the  incandescent 
gas  light.  The  Bunsen  burner  is  especially  adapted  to  certain  small  opera¬ 
tions  in  a  laboratory,  in  the  household,  or  in  the  kitchen,  but  not  to  heat  a 
large  space  and  extended  surface,  as  in  a  large  furnace.  Tn  such  cases  a 
large  luminous  body  of  flame  is  essential  for  the  production  of  radiant  heat. 

The  flame  of  the  Bunsen  burner  is  non-luminous,  because  there  is  110 
free  carbon  in  it  :  consequently  it  radiates  but  little  heat  and  can  therefore 
heat  by  direct  contact  only.  Although  the  Bunsen  burner  seems  so  simple 
and  advantageous  from  a  theoretical  standpoint  (as  it  is,  without  doubt,  f°r 
certain  cases),  it  is  useless  for  most  technical  purposes,  especially  metal 
lurgical  operations  on  a  large  scale. 

“When  gas  is  consumed  in  a  large  furnace  the  gas  and  air  must  be  brought 
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together  in  such  a  manner  that  a  flame  with  a  high  radiating  power  is  pro¬ 
duced1  for  thus  the  heat  is  best  transmitted  to  the  sides  and  walls  of  the 
furmiee  and  to  the  material  to  he  heated. 

“Furnaces  fired  with  solid  fuel  produce  a  more  or  less  radiating  flame, 
according  to  the  nature  of  the  fuel.  Practice  lias  shown  that  only  such  coal 
in  good  for  direct  firing  in  a  reverberatory  furnace  as  gives  a  large  amount  of 
hydrocarbon  gases,  for  these  gases  increase  the  radiating  power  of  the  flame. 
The  very  best  coke  is  useless  for  the  same  purpose,  although  the  highest 
temperature  can  be  produced  by  it  when  the  body  to  be  heated  is  placed  in 
direct  contact  with  it,  as  in  crucible  steel  practice. 

“There  are  no  special  difficulties  in  the  production  of  radiant  heat  in  the 
combustion  chamber  of  a  direct-fired  furnace,  provided  the  proper  fuel  be 
selected ;  but  the  ease  is  not  quite  so  simple  when  gas  is  to  be  used  in  a 
regenerative  furnace.  It  is  of  the  greatest  importance  how  the  gas  and 
air  arc  brought  together  in  a  regenerative  gas  furnace,  according  to  the 
quality  of  the  gas  and  the  use  of  the  furnace.  When  the  mixture  takes 
place  too  quickly  and  completely  a  very  short  flame  is  produced,  which  is 
intensely  hot,  hut  only  slightly  luminous  and  consequently  possesses  very 
little  radiating  capacity.  When  the  reverse  is  the  case— that  is,  when  the 
mixture  is  very  incomplete — good  combustion  cannot  take  p  ace ,  am  . 
sides  a  loss  of  heat,  a  number  of  other  evils  will  arise,  which  wi  ><  men 
tioned  below.  For  good  practice,  and  to  secure  at  the  same  time  a  ame 
with  high  intensity  and  a  high  capacity  to  radiate  heat,  a  com  i  un 
tween  these  two  extremes  must  be  maintained.  ,  . 

“How  gas  and  air  must  be  brought  together  to  proc  uce  ra  'a 
depends  upon  the  quality  of  the  gas,  the  desired  tempera  urc,  u 
the  combustion  chamber  of  the  furnace,  and  the  ^P00111  °^Cra;7rmfni  spt 
performed.  In  general  it  is  best  to  admit  the  gas  througi  a  wr  -  *  ' 

m  the  end  of  the  furnace,  over  which  the  air  is  admitted ^through *  snmkr 
sl't>  although  somewhat  larger  in  section.  As  the  gas  iah  ,  t]l0  a,r, 
lower  specific  gravity  than  the  air,  it  lias  a  tendency  o  rl^  f  mixture 
tho  air  sinks  through  tho  gns  an.l  thus  a  ,^n”  upoi 

«f  ft.  two  takes  ,,laee.  Cloud  results  from  this  to  mature  to 

toe  temperature  of  the  two  gases  and  the  relation  of  their  1 

(&eh  other,  as  the  specific  gravity  is  changed  by  In  at.  ^10  pres- 

“Thc  light-and-hcat  radiating  capacity  of  a  flame  Jdr0- 

°nce  of  free  carbon  particles,  produced  therein  *)  a  ‘  present  as  solid 
carbons.  This  free  carbon,  although  infinitely  1’unu  ' ,nin0raturo.  Every 
Particles  in  the  flame,  and  is  heated  up  to  Hit'  anl*  tinue?  to  do  so 

c»toon  particle  radiates  heat  and  light  to  all  sides,  and  contm 
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until  it  is  burned  to  carbonic  acid,  or  until  the  flame  is  cooled  to  below  the 
temperature  of  incandescence.  The  free  carbon  in  the  flame  is  always  the 
last  which  is  consumed,  so  that  in  all  cases  of  incomplete  combustion  it  is 
this  carbon  which  remains  and  deposits  itself  as  soot  in  the  flues,  or  passes 
out  of  the  chimney,  with  the  products  of  combustion,  as  black  smoke.  These 
small  bodies,  or  particles,  which  give  to  a  flame  the  capacity  to  radiate  heat 
and  which  give  such  a  high  efficiency  when  properly  utilized,  cause  the  dis¬ 
agreeable  smoke  in  our  cities  when  the  furnaces  are  not  properly  constructed 
or  managed.” 

Special  Conditions  of  the  Distillation  Furnace. — The  zinc  distillation  fur¬ 
nace  differs  from  the  open  hearth  furnaces  inasmuch  as  its  combustion 
chamber  is  to  a  large  extent  filled  by  retorts,  which  can  be  heated  properly 
only  when  exposed  directly  to  the  burning  gas;  otherwise  radiant  heat  is 
obstructed  by  intervening  retorts.  It  is  essential,  therefore,  that  all  the 
retorts  be  enveloped  by  the  flames,  and  there  be  room  for  the  latter  to  de¬ 
velop  properly.  In  the  Silesian  and  Rhenish  furnaces  the  arrangement  of 
the  openings  in  the  hearth  to  the  flues  insures  that  the  flames  will  be  divided 
between  the  \ arious  ranks  of  retorts.  In  the  direct-fired  Belgian  furnaces 
the  position  of  the  grates  directly  under  the  retorts  causes  the  whole  com¬ 
bustion  chamber  to  be  filled  with  burning  gas  and  no  special  means  of  cir¬ 
culation  are  required,  the  two  simple  openings  in  the  arch  of  each  single 
fumace  being  usually  sufficient.  In  long  gas-fired  furnaces  in  which  the 
movement  of  the  burning  gas  is  longitudinal  a  mixing  chamber  is  fre¬ 
quently  provided  at  the  inlet  end,  which  affords  room  for  combustion  to  be 
vtll  established  before  the  gas  is  divided  between  the  rows  of  retorts.  In 
some  furnaces  low'  bridge  walls  rising  from  the  hearth  at  various  places  are 
found  to  be  advantageous. 

Tvpes  of  1  roducers.  The  number  of  different  gas  producers  that  have 
been  designed  and  used  since  Bischof  built  his  first  one  at  Magdesprung  in 
the  Ilarz,  in  1839,  is  very  large.  There  have  been  many  eccentric  forms 
and  methods  of  operation,  few  of  which  have  survived,  but  aside  from  those 
the  standard  producers  from  the  earliest  time  may  be  considered  broadly  as 
falling  in  one  of  two  classes;  namely  (1)  the  step  grate,  natural  draught 
generator,  exemplified  in  the  Siemens  and  Boetius  types,  which  is  nothing 
but  a  development  of  the  ordinary  fire  box;  and  (2)  the  shaft  furnace,  with 
or  without  a  grate  and  worked  by  natural  draught  or  by  forced  draught. 

I  rod uc  (  rs  of  the  latter  type,  when,  without  a  grate  and  blown  from  the  bot¬ 
tom  are  practically  identical  in  many  respects  with  blast  smelting  furnaces; 
the  blast  smelting  furnace  is  in  fact  a  gas  producer,  and  in  the  metallurgy 
o;  iron  is  utilized  as  such,  besides  for  the  performance  of  its  chief  function. 
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The  analogy  between  this  type  of  gas  producer  and  the  smelting  furnace  is 
exemplified  most  strikingly  in  certain  producers  wherein  a  ilux  has  been 
mixed  with  the  coal  to  form  with  the  ash  a  slag  which  was  permitted  to 
run  continuously  from  the  bottom. 

In  modern  gas  firing  the  shaft  furnace  type  of  producer  is  most  commonly 
used,  although  the  step  grate  type  still  finds  extensive  application,  espe¬ 
cially  in  direct  connection  with  the  furnace  to  be  heated.  In  both  types  the 
modern  improvements  have  been  rather  in  details  of  construction  and  a 
proper  adjustment  of  dimensions  than  in  any  radical  change  of  principle. 
Many  of  the  supposed  innovations  are  really  nothing  but  revivals  of  ideas 
llmt  were  tried  early  in  the  history  of  gas  firing.  In  the  following  brief 
historical  review  it  will  be  observed  that  the  boshed  sides  of  the  shaft  fur¬ 
nace,  the  discarding  of  the  grate,  the  water  seal,  the  mechanical  removal 
of  the  ashes  and  the  use  of  steam  are  all  of  comparatively  ancient  origin. 

Bischof's  first  generator  (1839)  had  the  form  of  a  small  blast  furnace, 
but  it  had  a  grate  and  was  worked  by  natural  draught.  In  1840  Ebelrnen 
built,  at  the  Audineourt  iron  works  in  France,  a  generator  which  had  the 
form  of  a  blast  furnace,  no  grate,  and  was  blown  with  air;  at  first  there  was 
trouble  from  clinkering  of  the  ash,  but  by  the  introduction  of  a  suitable 
flux  with  the  coal  the  ash  was  converted  into  a  fusible  slag,  which  ran  out 
from  the  bottom  of  the  producer.  In  1808  E.  Minary  proposed  again  to 
dispose  of  the  ash  in  that  manner.  In  practice,  however,  it  1ms  not  been 
found  advantageous  either  to  the  operation  or  to  the  life  of  a  producer  to 
raise  the  temperature  of  primary  combustion  sufficiently  high  to  melt  the 
ash,  apart  from  the  inconvenience  of  mixing  fluxes  with  the  fuel. 

■The  use  of  steam  for  blowing  gas  producers  is  generally  credited  to  It  il- 
S()I1,  who  patented  in  1870  a  type  in  which  the  blast  was  supplied  by  a 
'^toani  jet  entering  the  narrow  throat  of  a  tapered  vertical  pipe,  inducing  a 
current  of  air  in  proportion  to  the  quantity  and  velocity  of  the  steam. 
ThU  producer  had  a  closed  hearth  and  no  grate  bars.  The  blast  was  dcliv- 
m‘d  in  the  center,  so  that  contact  of  both  air  and  steam  with  the  fuel  was 
•nsured.  Originally  the  shaft  was  made  rectangular,  but  that  form  was 
°on  abandoned  in  favor  of  the  circular,  which  was  built  inside  of  a  c'  m 
' rical  iron  shell.  Tke  gas  issued  from  the  producer  at  a  pressure  equivalent 
0  1  to  3  in.  of  water  and  the  coal  was  burned  at  the  rate  of  25-7  lb.  per 
d-  t.  of  hearth  per  hour  as  compared  with  12*5  lb.  which  is  tin  u  ua  r. 
lX[)  the  Siemens  producer.  Tn  later  patents  Wilson  described  a  form  of 

°nio(‘r  for  continuous  mechanical  discharge  of  the  ash,  tin  hot  om 
'“,l  b‘™g  closed  by  moons  of  «  water  seal.'  The  Wilson  prodneer 

.  1  British  patent,  No.  4007  of  1882;  Journ.  Sot1.  Chem.  Ind.,  11.  4->3. 


300 


METALLURGY  OF  ZINC. 


probably  the  forerunner  of  the  modern  type,  but  the  use  of  steam  in  con¬ 
nection  with  it  was  not  original.  Sir  M  illiam  Siemens  early  proposed  to 
blow  his  producer  with  steam,  and  in  18G3  Siemens  producers  wore  con¬ 
structed  with  closed  ash  pits  and  injection  of  air  by  means  of  steam  jets. 
Wilson  did  not  originate  the  idea,  but  ho  used  a  higher  steam  pressure  than 
did  the  Messrs.  Siemens. 

Cylindrical  iron  casings  for  the  shaft  were  used  by  G.  II.  Benson  at 
Cleckheaton,  England,  in  18(58.  His  producers  were  blown  with  hot  air, 
while  steam  superheated  by  a  coil  of  pipe  in  the  brick  lining  was  introduced 
at  various  points  in  the  circumference  of  the  bosh  near  the  bottom.  The 
bosh  itself  was  made  of  cast  iron  water  jackets  to  avoid  difficulty  from 
clinkers. 

Design  of  Producers. — The  modern  shaft  producer  has  a  water-sealed 
bottom  and  no  grate.  Such  closed  hearth  producers  can  be  operated  with¬ 
out  stoppage  and  are  as  amenable  to  the  action  of  the  poking  bar  as  are  pro¬ 
ducers  with  grates,  while  they  are  free  from  the  disadvantage  of  the  latter 
in  being  unable  to  use  fine  coal  and  of  losing  a  considerable  quantity  by 
dropping  between  the  bars  during  stoking  and  cleaning;  moreover,  the  cost 
of  renewals  is  reduced  by  the.  absence  of  grate  bars,  and  it  is  easier  to  main¬ 
tain  an  even  bed  of  fuel  than  on  a  grate  unless  the  latter  be  a  simple  hori¬ 
zontal  one.  Combustion  is  carried  on  at  the  maximum  economical  rate  by 
moans  of  forced  draught,  which  has  all  the  advantages  over  chimney  draught 
that  it  does  in  ordinary  direct  firing.  Steam  and  air  together  are  com¬ 
monly  used  and  the  blast  is  almost  always  introduced  at  the  center  of  the 
shaft.  It  has  been  found  repeatedly  that  when  the  blast  is  delivered  at  the 
sides  or  walls  of  a  producer  a  portion  of  the  air  and  steam  will  pass  up 
their  surfaces  without  combining  with  the  fuel  and  the  resulting  gas  con¬ 
tains  uncombined  oxygen  besides  a  larger  proportion  of  nitrogen  than  is 
necessary'.  To  avoid  that  difficulty  as  well  as  to  concentrate  the  combus¬ 
tion  in  the  lower  part  of  the  shaft  the  walls  are  frequently  boshed  in. 

A  gas  producer  of  rectangular  shape,  without  an  enclosing  shell,  should 
have  walls  of  fire  brick  at  least  13*5  in.  thick  and  must  necessarily  be  se¬ 
curely  supported  by  buckstaves  and  tie-rods.  Save  for  the  Boetius  genera¬ 
tors  gas  producers  are  rarely  built  in  that  way  nowadays,  the  common  form 
being  the  cylindrical  shaft,  which  is  provided  in  the  form  of  a  shell  of  tank 
steel  lined  with  fire  brick.  Tin*  bottom  of  the  shaft  dips  into  a  cement- 
lined  basin  of  water  and  is  supported  by  four  cast  iron  columns,  standing 
upon  a  solid  foundation.  The  shell  is  made  of  14  in.  steel  and  the  fir° 
brick  lining  is  9  in.  thick.  The  top  of  the  shaft  is  covered  in  with  a  dome 
of  fire  brick  9  in.  thick,  above  which  there  is  laid  a  east  iron  plate  provide* 
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«ilh  the  proper  opening  for  fowling  in  the  ,.„al  for  the  i„*.rti„n  , , 
,„krr  liar*.  Theue  o,K-ning.  are  gcnemlly  water-w-ab-d  „,  that  there  will 
leakage  of  gua  from  tin-  to,,  of  tl„.  producer.  In  putting  in  tin-  fir,-  brick 
lining  and  roof  to- name  precaution,  muat  In-  ol,n,-rv,-,l  a.  in  general  furnace 
woitnuitlon.  1  llr"  l,n<*  !“■  of  good  quality  and  .Inn, Id  be  laid 

carefully  with  good  jomta,  each  brick  being  flrnt  moiatened  and  then  knocked 


Vim.  200  and  201. 
Valvkh  for  Gas  I’uoduckks. 

Fig.  200:  Hnnrt  Vulva*. 

Flic.  201 :  Metal  Seal  Valve. 


!2’  wilh  Ml  blows  of  ft  hammer.  Lime  mortar  should  not  be  used 
()f  ^  11  r<!  or  under  any  eireiunstances ;  the  brick  should  lie  laid  in  a  i»a.  t«. 
(.|  0,10  Pftrt  of  milled  fir©  day  tempered  with  one  part  of  finely  ground 
anil  ,i  *.,r  w'^*  *Wo  P,,rta  of  clean  sharp  Band,  the  constituents  b<  iru  1  ri* 1 
»i»l!  V  lnix<‘<1  nn(1  dilute  with  water  until  the  paste  has  a  syrupy  con- 
^  (vido  the  section  on  furnace  construction  in  the  next  chapL  r). 
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The  cylindrical  form  of  producer  is  the  easiest  of  all  to  keep  in  shape. 
The  continuous  enclosing  envelop  of  rolled  steel  cannot  be  improved  upon, 
and  this  construction  may  be  considered  as  representing  the  maximum  of 
strength.  They  can  be  made  absolutely  gas  tight,  and  being  built  inde¬ 
pendently  any  particular  producer  can  be  repaired  at  any  time.  In  a  well 
constructed  producer,  however,  there  is  so  little  to  get  out  of  order  that  the 
outlay  for  repairs  and  renewals  ought  never  to  be  heavy;  probably  not  to 
exceed  an  average  of  $50  per  annum.  Every  generator  should  l>e  provided 
with  a  tightly  closing  valve  or  damper,  which  will  permit  a  careful  regula¬ 
tion  of  the  gas  stream  and  should  be  placed  as  near  as  possible  to  the  gen¬ 
erator.  Types  of  valves  are  shown  in  the  accompanying  engravings,  from 
which  their  mechanism  will  be  understood  without  further  description. 

The  coal  is  fed  into  the  producer  by  means  of  a  bell  and  hopper,  placed  in 
the  center  of  the  top,  which  is  so  arranged  that  there  will  be  the  least  pos¬ 
sible  escape  of  gas  in  the  operation.  In  modern  installations  a  large  hopper 
full  of  coal  is  supported  over  each  producer  whence  the  coal  can  be  drawn 
directly  into  the  small  hopper  of  the  producer  itself.  The  large  hoppers  are 
filled  by  mechanical  conveyors.  Such  an  installation  is  very  conveniently 
and  economically  arranged  when  the  producers  are  grouped  in  a  battery ;  if 
set  separately  the  supply  of  coal  will  probably  be  delivered  best  by  means 
of  a  cable  railway.  When  the  producers  are  grouped  in  a  battery  they  may 
be  set  as  close  together  as  desired,  providing  access  be  given  to  the  ash  pit 
from  two  opposite  sides,  which  there  will  always  be  if  the  producers  are  set 
in  a  row.  The  large  hoppers  over  the  producers  must  be  sufficiently  high 
above  the  latter,  or  else  be  to  one  side  instead  of  directly  overhead,  so  that 
the  long  poker  bars  can  be  without  difficulty  inserted  through  the  poke  holes 
in  the  top  of  the  producer.  The  poke  holes  must  be  arranged  in  such  a  way 
that  all  parts  of  the  fuel  bed  can  be  reached  conveniently. 

Dimensions  and  Capacity. — The  size  of  a  producer  is  governed  to  a  great 
extent  by  the  work  that  is  required  of  it,  but  in  extensive  installations  it  n 
generally  desirable  to  build  them  as  large  as  is  consistent  with  perfect  com¬ 
bustion  of  the  coal  and  regular  development  of  the  gas,  inasmuch  as  the 
larger  a  producer  is  the  less  is  its  relative  first  cost  and  the  space  oecupn 
by  it,  the  lower  is  the  cost  of  labor  in  attendance  per  ton  of  coal  burned  am 
the  lower  the  percentage  of  heat  lost  by  radiation.  Practically  it  has  bet  n 
found,  however,  that  a  circular  producer  8  ft.  in  diameter  inside,  hating  * 
shaft  area  of  50*265  sq.  ft.  is  about  as  large  as  it  is  advisable  to  build  and  t  u 
standard  producers  of  most  of  the  modern  designs  have  that  dianuh^ 
although  in  some  instances  it  is  exceeded.  In  height  from  the  grown 
the  top,  measuring  outside,  they  are  generally  from  12  to  15  ft. 
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The  capacity  of  a  gas  producer  depends  chiefly  upon  its  grate,  or  hearth, 
areu  and  the  rapidity  of  driving,  the  latter  factor  being  a  good  deal  depend¬ 
ant  upon  the  kind  of  coal.  With  certain  kinds  of  coal,  producers  have  been 
forced  to  burn  as  much  as  25  lb.  per  sq.  ft.  per  hour,  which  would  be  15 
tons  per  2-1  hours  for  an  8  ft.  producer.  With  other  kinds  of  coal  the  rate 
may  be  as  low  as  12-5  lb.,  or  7’5  tons  per  24  hours.  In  determining  the 
rapidity  of  driving  the  quality  of  the  gas  and  other  factors  have  to  be  con¬ 
sidered  and  so  high  a  rate  as  25  lb.  per  sq.  ft.  per  hour  is  seldom  aimed  at 
in  modern  practice.  With  Pennsylvania  bituminous  run  of  mine  coal  it  is 
generally  considered  that  about  eight  tons  per  24  hours  is  all  that  an  8  ft. 
producer  should  be  required  to  burn  and  yield  a  good  gas  and  perfect  com¬ 
bustion  of  the  coal.  That  is  13%  lb.  per  sq.  ft.  per  hour.  H.  I).  Wood  & 
Co.,  in  their  pamphlet  previously  quoted,  state  that  in  ordinary  service  a 
producer  of  50  sq.  ft.  area  of  fuel  bed  will  on  the  average  gasify  eight  tons 
of  Pennsylvania  or  West  Virginia  coal  or  0*5  tons  of  anthracite  pea  coal ; 
these  figures  are  respectively  13%  and  10%  lb.  per  sq.  ft.  per  hour.  The 
fusibility  of  the  ash  in  the  coal  has  a  good  deal  to  do  with  determining  the 


maximum  rate  of  combustion  in  a  producer.  With  the  most  infusible  ash 
about  15  to  1(1  lb.  of  coal  per  hour  per  square  foot  of  fuel  bed  is  probably 
the  most  that  can  be  burned  continuously  so  as  to  afford  a  good  gas,  though 
some  of  the  Western  lignites,  which  can  be  gasified  at  a  much  higher  rate, 
are  an  exception  to  this  statement;  with  a  very  fusible  ash  the  rate  ol  com¬ 
bustion  must  be  reduced  in  order  to  make  good  gas  continuously  without 
excessive  labor  or  much  waste. 

Ihe  cost  of  a  modern  8  ft.  gas  producer  is  $750(h  $1000,  erected,  \ar\ing 
according  to  the  special  design  and  the  market  price  for  the  material.  1  his 
does  n°t  include  the  steam  and  gas  connections,  the  operating  platform  or 
the  shed,  but  provides  the  producer  erected  on  its  foundation,  without  those 
accessories.  %  estimating  the  cost  of  a  gas  producer  plant  it  is  important 
n°t  to  overlook  the  steam  boilers  for  blowing  the  producers. 

Management  of  G<is. Producers.— Tho  coal  should  be  put  in  gradually  and 
'  rtgularly  us  possible;  otherwise  there  w'ill  be  irregulai it_\  in  tin 
Mh.  If  a  large  quantity  of  coal  be  charged  into  the  product r  at 
thore  likely  to  be  a  sudden  evolution  of  gas,  and  since  the  dampers 
“"trolling  the  admission  of  the  air  for  the  secondary  combustion  m  \ 
"acc  cannot  be  regulated  every  time  the  producer  is  cliargt  ,  u 
7*  SUch  «»«  .»  oxoc.  of  m  in  tl.0  furnace,  which  mil  P>  «P  «“ 
rnney  unburned.  Between  the  chargings  the  quantity  of  ga*  g< 

'frw  and  there  may  then  be  an  unnecessary  excess  of  air  in  ’ 

Off  heat.  Tho  bed  of  coal  in  the  producer  must  be  kept  cron,  else 
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the  air  seeking  the  channel  of  least  resistance  will  pass  through  the  thinner 
parts,  generating  a  poorer  gas,  which  often  carries  an  excess  of  carbon  di¬ 
oxide  and  continually  varies  in  its  composition.  The  bell  and  hopper  feed, 
which  is  generally  used,  to  a  certain  extent  distributes  the  coal  over  the  bed 
in  the  producer,  but  its  action  is  intermittent  and  depends  entirely  upon  the 
attendant.  Uneven  distribution  can,  of  course,  be  remedied  by  poking,  but 
that  involves  hard  labor  which  is  often  shirked.  The  coal  in  the  producer 
must  also  be  poked  to  break  up  the  cakes  and  lumps  and  thus  preserve  a 
uniform  flow  of  gas. 

C.  W.  Bildt  has  patented  a  mechanical  feed  for  gas  producers,  which  has 
been  used  successfully  in  practice.  It  consists  of  a  coal  holder  resting  upon 
and  attached  to  the  top  of  the  producer,  below  which,  i.e.,  inside  of  the 
producer,  is  placed  a  rotating  distributing  disc  provided  with  specially  con¬ 
structed  blades.  The  disc  is  rotated  by  a  vertical  shaft  supported  by  the 
coal  holder  and  driven  by  a  worm  gear.  The  disc  makes  l/±  r.  p.  m.  The 
distributing  blades  are  arranged  spirally,  so  that  as  the  disc  is  rotated  coal 
is  dropped  evenly  over  all  parts  of  the  bed  in  the  producer.  Bildt  states 
that  the  use  of  these  feeders  in  various  places  has  led  to  savings  of  15  to  30% 
in  coal  and  better  performance  of  the  furnaces  because  of  the  more  uniform 
gas,  while  labor  has  been  reduced  because  of  the  less  poking  required.  The 
device  is  durable  and  requires  few  repairs.1 

Boetius  Producer . — This  well  known  form  of  gas  generator  is  still  largely 
used  on  the  continent  of  Europe,  commonly  in  direct  connection  with  the 
furnace  to  be  heated.  As  a  svstem  of  semi-gas  firing  it  is  one  of  the  easiest 
to  arrange  and  is  perhaps  even  now  one  of  the  best.  The  generator  itself 
has  a  combination  of  step  and  plane  grate  and  in  its  cross-sections  resembles 
the  standard  type  of  Siemens  producer.  The  specially  distinguishing  fea¬ 
ture  is  the  air  passage  surrounding  the  lining  of  the  fire  box.  These  pas¬ 
sages  connect  with  the  external  air,  which  circulates  through  them,  cooling 
the  lining  and  itself  becoming  heated  thereby.  The  supply  of  air  thus  pre¬ 
heated  joins  the  gas  through  ports  in  the  short  passage  by  which  the  fire 
box  communicates  with  the  laboratory  of  the  furnace. 

The  advantage  of  this  arrangement,  as  to  which  the  success  of  the  Boetm> 
generator  in  practice  leaves  no  doubt,  will  be  readily  perceived  from  "lwt 
has  been  said  in  a  previous  section  with  respect  to  the  direct  combustion  ° 
bituminous  coal.  There  is  no  recuperation  of  heat  because  that  which  i* 
acquired  by  the  air  is  robbed  directly  from  the  fire  and  no  prevention  o 
loss  except  what  is  cut  off  from  radiation  into  the  outer  brick  work.  111 

1 

’Trans.  Am.  Inst.  Min.  Eng.  XXVIII.  166  to  176:  Fntted  States  patents,  442.67C,  P'1'- 

1S90,  and  498,229,  May  30,  1893. 
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heat  is  taken  from  a  place  where  there  is  a  surplus  and  transferred  to 
another  where  it  is  advantageous,  enabiing  combustion  to  be  effected  more 
completely  than  in  ordinary  direct  firing. 

The  Boetius  producer  has  been  used  extensively  by  European  zinc  smelt¬ 
ers.  Its  disadvantages  are  said  to  be  the  leakage  of  gas  from  the  fire  box 
into  the  surrounding  air  flues,  through  cracks  in  the  walls,  and  the  necessity 
for  a  good  grade  of  coal.  It  is  illustrated  in  Figs.  16  to  18,  on  pp.  23  and 
24,  and  is  shown  in  connection  with  various  distillation  furnaces  in  Chap.  X. 

Dawson  Producer. — This  producer  which  is  used  extensively  in  Great 
Britain  is  similar  to  the  modern  American  producers,  consisting  of  a  cir¬ 
cular  brick  shaft  in  a  cylindrical  steel  shell,  with  a  water-sealed  bottom. 
Toward  the  bottom  of  the  shaft  there  is  a  cast  iron  bosh,  beneath  which  the 


Figs.  202  and  203.  Dawson  Producer. 

Transverse  vertical  sections  on  planes  at  right  angles  to  each  other. 

air  is  blown  in.  The  top  of  the  shaft  is  roofed  over  in  dome-shape  and  is 
provided  with  the  usual  bell  and  hopper  feed.  In  one  side  of  the  shaft 
there  is  a  door,  or  man-hole,  which  is  used  only  when  repairs  are  to  W  111,11  ( 
Dowson  Producer . — This  is  a  simple  cylindrical  shaft  of  fire  l)ihk>,  en 
«osed  by  an  iron  shell.  It  has  a  horizontal  grate,  a  closed  ash  pit,  and  a 
blast  of  steam  and  air  under  the  grate.  The  bottom  is  closed,  but  is  not 

fl'ater-sealed. 


metallurgy  of  zinc. 


just  under  the  "Tate.  The  top  is  arched  over  and  is  pierced  with  openings 
for  the  usual  bell  and  hopper  feed  and  a  number  of  poke  holes  arranged 


around  the  latter.  The  design  and  construction  of  this  producer  arc  sho"n 
clearly  in  the  accompanying  engravings.  The  purpose  of  the  incline1  ? 
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is  to  distribute  the  blast  evenly  under  the  bed  of  fuel  and  also  to  form  guid¬ 
ing  surfaces  down  which  the  ashes  will  elide  toward  the  exterior. 

The  Duff  producer  is  commonly  built  with  a  shaft  7X7  ft.  in  horizontal 
section;  or  9X9  ft-  It  is  claimed  that  the  former  will  gasify  12  tons  of 
Pennsylvania  mine  run  bituminous  coal  per  24  hours,  or  20  lb.  per  s<|!  ft. 
per  hour;  and  the  latter  15  tons,  or  15  lb.  per  sq.  ft.  per  hour.  A  large 
number  of  these  producers  are  in  use  both  in  (ireat  Britain  and  the  United 
States.  The  American  rights  are  controlled  by  the  Duff  Patents  Co.,  of 
Pittsburg,  Pa. 


Fig.  210.  Hegeler  Producer. 

Vertical  Section. 

Hegeler  Producin'.— The  Hegeler  producer  is  in  use  at  the  works  of  the 
ffatthiessen  &  Hegeler  Zinc  Co.,  at  Lasalle,  Ill.  It  is  a  brick  shaft,  square 
horizontal  section,  contracted  toward  the  bottom  as  shown  in  tin  aceom 
Jiving  engraving.  The  ashes,  supporting  the  column  of  fuel,  rest  on  a 
oaith  II  which  is  supported  by  two  I  beams  several  feet  abo\c  the  groum 
ln°*  These  I  beams  rest  on  two  cross-girders,  supported  by  four  brie  to 
!"nns’  wl,ich  also  support  the  shaft  of  the  producer.  The  ash  box  is  en- 
a^'d  so  that  air  from  the  blast  flues  lih  can  circulate  around  the  pi  e  o 
**he8  **ting  on  the  hearth  and  thence  can  pass  through  them  up  into  the 
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bod  of  incandescent  coal.  Around  the  opening  formed  by  the  contracted 
part  of  the  shaft  there  is  a  pipe  f  through  which  water  is  circulated  con¬ 
stantly,  thereby  preventing  the  edges  of  the  opening  from  burning  out.  The 
top  of  the  shaft  is  arched  over  and  is  pierced  by  four  openings  G,  provided 
with  suitable  covers  O',  for  charging  in  the  coal  and  stoking.  In  the  sides 
of  the  ash  box,  or  wind  box,  are  doors  W  for  removing  ashes.  The  blast 
flues  li  have  sliding  dampers  for  regulating  the  supply  of  air,  which  is  fur¬ 
nished  by  an  ordinary  blower. 

At  Lasalle,  111.,  four  of  these  producers  are  grouped  in  a  battery,  the  air 
supply  being  taken  from  a  common  main,  with  suitable  dampers  to  regulate 
the  quantity  for  each  producer.  Each  producer  is  connected  by  means  of  a 
short  flue  I,  through  which  the  gas  escapes,  with  a  main  flue  B  by  means  of 


Fig.  211.  Hegeler  Producer. 

Gas  connections. 

a  port  which  can  be  closed  by  the  valve  i.  The  flue  I  connects  also  with 
a  chimney  J  by  means  of  a  port  i",  passage  of  the  gas  through  the  latter 
being  prevented  ordinarily  by  means  of  the  slide  damper  j .  This  arrange¬ 
ment  malces  it  possible  to  cut  any  one  of  the  four  producers  out  of  the  bat¬ 
tery  while  being  stoked,  fed  or  repaired,  the  other  three  maintaining  the 
supply  of  gas  in  the  meanwhile.  These  producers  have  also  been  operated  at 
Lasalle  by  means  of  induced  draught  produced  bv  a  rotary  blower  interpose 
between  the  battery  of  four  producers  and  the  furnace  which  they  heat 
This  unique  arrangement  is  described  in  connection  with  the  Hegeler  dr 
tillation  furnace  (vide  Chapter  X). 

Mond  Producer.— The  gas  producer  designed  by  Doctor  Ludwig  ^°n<  j 
the  eminent  English  industrial  chemist,  is  illustrated  in  the  accompany*11? 
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engraving.  This  producer  is  intended  specially  for  recovery  of  ammonia 
from  the  coal  consumed,  at  the  same  time  producing  a  gas  of  high  calorific 
value.  It  is  a  circular  brick  shaft,  with  a  sharp  bosh  at  the  bottom,  built 
within  a  cylindrical  steel  shell.  The  bottom  is  water-sealed.  The  shaft 


Fig.  212.  Mond  Producer. 


“  9  ft-  8  in.  in  diameter  and  21  ft.  high.  The  top  is  arched  over  in  dome 
shaPe  and  is  provided  with  a  hell  and  hopper  feed.  In  the  engraung  a 
arg<’  hopper  fed  by  means  of  a  screw  conveyor  is  shown  o\ei  tin  a  <  I  P 
°  the  producer,  so  that  a  stock  of  coal  can  be  carried  over  eac  >  Pr0(  UC(  r 
r°Ppcd  by  gravity  when  it  is  necessary  to  feed  the  producer. 


310 


METALLUBGY  OF  Z1XC. 


modern  arrangement  which  is  to  be  found  in  many  gas  producer  install) 
tions.  At  the  bottom  of  the  bosh  the  Mond  producer  lias  a  conical  <rrate  • 
the  center  of  which  there  is  a  round  hole  through  which  the  ashes  descend 
into  the  water  seal.  Beneath  the  bell  and  hopper  feeding  device  there  is 
a  bell-shaped  casting  about  7  ft.  long,  extending  down  into  the  shaft,  which 
is  kept  partially  filled  with  fuel,  wherefore  the  producer  is  always  necessarily 
full  of  coal  up  to  the  bottom  of  the  aforesaid  casting.  The  external  casing 
of  the  producer  consists  of  two  steel  shells.  Air  saturated  with  steam  is 
blown  into  the  annular  space  between  them  and  after  being  thus  distributed 
and  heated  passes  through  the  conical  grate  into  the  fuel. 

In  operation  the  fuel  is  distilled  inside  the  bell-shaped  casing  as  in 
an  ordinary  gas  retort.  The  gas  developed  forces  its  way  downward 
through  the  hot  fuel  and  during  its  passage  the  tarry  vapors  become  fixed 
and  give  no  further  trouble.  The  gas  on  being  taken  from  the  producer 
at  a  temperature  of  450°  to  500°  C.  is  made  to  pass  up  and  down  a  series 
of  wrought  iron  pipes,  which  are  surrounded  by  annular  casings  protected 
from  the  air  by  non-conducting  material.  The  steam-saturated  air  supply 
for  the  producer  passes  through  these  annular  casings  and  is  heated  there 
b)  the  producer  gas,  whereby  a  considerable  quantity  of  heat  is  returned  to 
the  producer.  After  passing  through  these  pipes  the  gas  is  conducted 
through  a  chamber  which  is  partially  filled  with  water,  which  is  beaten  into 
spray  by  revolving  paddles;  the  spray  washes  the  dust  and  soot  from  the  gas- 
The  gas  is  reduced  in  this  chamber  to  about  100°  C.  and  is  further  charged 
with  water  \apor  from  the  spray.  It  passes  next  through  a  lead  scrubber 
filled  with  perforated  brick.  This  scrubber  contains  sulphuric  acid  for  ah* 
sorbing  the  ammonia.  In  practice  it  is  found  best  not  to  rise  pure  acid, 
but  to  keep  in  circulation  a  solution  of  ammonium  sulphate  of  about 
strength,  which  contains  about  2’5^5J>  of  free  acid.  At  regular  intervals  a 
poition  of  this  solution  is  withdrawn  and  after  recovery  of  its  ammonium 
sulphate  the  free  acid  is  pumped  back.  After  the  gas  has  passed  through 
the  chambers  its  temperature  is  as  low  as  80°  C.,  but  not  being  fully  sat¬ 
urated  with  moisture,  no  condensation  take's  place.  It  is  then  passed  into  a 
wrought  iron  scrubber,  filled  with  perforated  wood  blocks,  in  which  it  meets 
a  current  of  cold  water  which  condenses  the  steam,  the  water  becoming 
heated  to  about  78°  C.  The  gas  cooled  to  50°  O.  in  this  chamber  escapes 
from  it  ready  for  combustion.  The  hot  water  from  the  chamber  is  pumped 
into  a  third  scrubber  of  wrought  iron,  through  which  a  current  of  cold 
air  is  forced.  The  air  is  thereby  saturated  with  moisture  and  heated  t° 
about  1 4  (  .  and  is  used  as  a  source  of  supply  for  the  producer.  The  wabr 
leaves  the  third  scrubber  cold  enough  to  be  used  again  in  the  second  scrub- 
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bor.  In  this  way  about  half  the  steam  required  in  the  producer  is  recovered 
from  the  gas.  Owing  to  the  low  temperature  at  which  the  producer  is 
worked  but  little  clinker  is  made  and  a  lining  lasts  a  long  time. 

The  Mond  producer  gas  made  from  slack  coal  assaying  11-5%  ash,  55% 
of  fixed  carbon  and  33-5%  of  volatile  matter,  including  water,  in  a  dry  state 
contained  by  volume  17%  C02, 11%  CO,  27%  H,  42-5%  N,  0-4%  of  olefins 
and  1-8%  of  methane.  At  the  works  of  Brunner,  Mond  &  Co.,  at  Xorth- 
wich,  England,  in  1895,  there  were  10  of  these  producers  in  use.1  They 
gasify  about  23  long  tons  of  coal  per  24  hours  per  producer.  In  a  test  with 
coal  containing  7-57%  ash,  the  refuse  from  the  producer  averaged  15%  C., 
indicating  a  loss  of  1-33  unit  of  the  carbon  in  the  fuel.  The  calorific  jiower 
of  the  gas  obtained  was  81-02%  of  that  of  the  coal.  One  ton  of  sulphate 
was  obtained  from  23  tons  of  coal.  For  each  ton  of  coal  gasified,  1583  kg. 
of  steam  had  to  be  added  to  the  blast,  0-195  ton  of  coal  being  required  to 
produce  it.  The  total  extra  consumption  of  coal,  including  the  recovery 
of  the  ammonia,  was  0-242  ton  per  ton  of  coal  gasified,  i.e.,  in  gasifying  23 
tons  of  coal  and  recovering  the  ammonia  a  total  of  28-50  tons  was  consumed. 

The  yield  of  ammonia  is  the  highest  when  the  producer  is  worked  as 
cool  as  compatible  with  proper  combustion  of  the  fuel,  ibe  most  successful 
results  have  been  obtained  by  introducing  2-5  tons  of  steam  into  tin  pro 
ducer  for  every  ton  of  coal  consumed.  About  70%  of  the  nitrogen  con 
tained  in  the  coal  is  recovered  in  the  form  of  ammonium  sulphate,  the  }ie  * 
of  which  amounts  to  90  lb.  to  100  lb.  per  2240  lb.  of  coal.  Xotw  ithstan  n^ 
the  special  means  which  are  required  to  remove  the  water  \apor  ronl 
gas  before  the  latter  is  burned  and  the  extra  trouble  and  expense,  it  is  sa 
that  these  are  a  good  deal  more  than  justified  by  the  reco\ei>  o  am  mom 
sulphate,  which  is  no  doubt  the  case.  The  gas  is  remarkable  for  its  hi 
percentage  of  hydrogen  and  carbon  dioxide;  notwithstanding  it  pic &u 
the  latter,  the  calorific  power  of  the  gas  is  high.  It  is  san  ia 
mixture  is  passed  into  the  heated  chambers  of  a  Siemens  urnau  ^ 
gen  reduces  a  considerable  quantity  of  carbon  dioxide  to  monox  „RSPntiallY 
Siemens  Producer.— The  familiar  Siemens  gas  Pr«ducc'r  valls  being 
a  fire  brick  box,  oblong  or  square  in  plan,  the  back  w  a  an(  an<de  of 

vertical  and  the  front  wall  sloping  inward  from  near  the  top  J  ina. 

«’  *  «*•  T>«  «■*  ™  "f  thc 

ion  of  step  grate  and  inclined  plane  grate.  1  ona  with  the 

built  in  a  Pit,  the  top  of  the  producer  being  ina,k‘  communicating 

ground  level.  The  gas  was  taken  off  through  a  chinin  } 

,  f  riv.  Eng..  CXXIX.  190. 

Mineral  Industry.  IV.  75.  •  H.  A.  Humphrey. tSTiwl  VoL  H- 
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with  a  horizontal  tube  and  thence  passed  downward  through  another  v  r««. 
leg.  In  these  tubes,  which  were  made  of  iron,  the  gas  was  cooled  and  611 
density  was  thereby  increased,  so  that  a  draught  was  produced  and  the  ^ 
supply  for  combustion  of  the  coal  was  thus  drawn  into  the  generator.1  tS 
type  of  producer  has  many  defects,  which  for  a  long  time  were  lost  sight  of 
because  of  the  recognized  excellence  of  the  Siemens  regenerative  system  ° 
connection  with  which  the  Siemens  producers  were  generally  applied  h 
the  present  time,  however,  but  few  producers  of  the  Siemens' type  are  to  W 
found  in  America  or  Great  Britain.  They  were  used  at  the  zinc  smelteries 


of  the  Gnmby  Mining  A  Smelting  Co.,  at  Pittsburg,  Kan.,  and  of  the  Rich 
1™  nc  °**  at  Hill,  Mo.,  l>oth  of  which  are  now  dismantled. 

ere  were  numerous  modifications  of  the  original  Siemens  producer.  In 
,  f011^  P^ane  c^te  was  omitted  and  the  ashes  were  allowed 

•  ^  °n  a  01i(  a  ^tep  grate  being  placed  in  the  continuation  of  the 

inclined  front  wnll  near  to  the  hearth.  Other  prod, .core  of  the  Siemens 


‘  Tb*  pa*  would  loav*  the  producer 
temperature  of  rn«>  to  «»*>•  c..  and  natu 

tn  “•  chlmn'-T  =  »*»  pass  In  p  throupt 
horizontal  and  down-oxmnp  plp«.  „ 

bad  a  superficial  arc  of  not  .eJTthZ 


ft-  per  producer,  it  was  cooled  to  •PI'10*' 
Imatelj  40*  C,  The  draught  produced  * 
this  manner  was  weak  and  the  rate  of  c0i? 
hustion  was  low ;  the  inefficiency  1 
device  led  to  its  abandonment. 
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type  were  made  with  closed  bottoms  and  blown  with  a  steam  jet,  a  modifioa 
tion  to  which  the  Siemens  producer  easily  lent  itself.  Another  modification 
had  curtain  walls  so  built  as  to  effect  destruction  of  the  tarry  vapors.  A 
circular  form  of  Siemens  producer  was  also  designed. 

The  Siemens  type  of  producer  does  not  permit  a  bed  of  coal  of  sufficient 
thickness  to  be  earned  to  allow  the  degree  of  combustion  which  is  attained 
with  the  modern  closed-hearth  producers;  the  grate  area  is  too  small  and 
the  cooling  of  the  gas  to  provide  the  necessary  draught,  although  it  may  not 
lead  to  loss  of  heat  in  connection  with  regenerative  furnaces,  was  obviously 
disadvantageous.  In  the  later  producers  the  siphon  was  omitted,  the  gas 
being  conveyed  from  the  producer  to  the  place  of  combustion  by’ as  short 


Fig.  214.  Siemens  Producer. 

Plan  and  section  on  line  PQ  ol*  Fig.  213. 


a  due  as  possible,  so  as  to  retain  the  initial  heat.  A  battery  of  Siemens 
Producers,  such  as  was  used  at  Pittsburg,  Kan.,  and  at  Rich  Hill,  Mo.,  are 
ustrated  in  the  accompanying  engravings. 

Wythe  Producer.— This  is  a  modern  American  producer  which  is  exten- 
US0(1  in  the  vicinity  of  Pittsburg,  Pa.  It  is  a  cylindrical  fire  brick 
a  b  generally  8  ft.  in  diameter,  enclosed  by  a  steel  shell.  The  principal 
tensions  are  given  in  the  accompanying  engraving,  which  shows  a  pro 
ift£r,*ith  an  ]nc^incd  grate.  It  is  claimed  that  this  producer  vill  gun  \ 
o  k  Pennsylvania  bituminous  coal  per  hour.  It  is  built  1>\  the  ►  • 

Wl-,?  10  ^°->  of  Pittsburg,  Pa.,  which  also  builds  a  water-sea  e  pro  uccr 
h0ut  a  grate. 
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Fig.  215.  Smytiie  Producer. 


fuel  and  systems  of  combustion. 
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Swindell  Producer. — The  Swindell  producer  is  a  circular  fire  brick  shaft, 
built  up  within  a  cylindrical  steel  shell.  Half  way  down,  the  shaft  has  a 
diarp  bosh  and  on  two  sides  below  the  bosh  there  are  inclined  rectangular 
tes>  under  which  the  blast  of  air  and  steam  is  introduced.  The  shaft 
stands  in  a  basin  of  water,  constituting  a  water  seal,  from  which  the  ashes 
are  shoveled  out.  This  water  seal,  according  to  the  designers,  is  used  only 
for  the  advantage  gained  in  removing  the  ashes  and  the  water  surface  has 
been  reduced  as  much  as  possible  in  accordance  with  the  idea  that  a  large 
water  surface  with  steam  blast  creates  a  surplus  moisture  by  the  continual 


Vertical  sections  on  lines  at  right  angles  to  eaih 


moving  of  hot  ashes  in  the  water  seal;  and  that  such  moisture  nius^ 

Come  by  heat  or  allowed  to  pass  through  the  fire  as  free  steam,  w  11c  *  ‘  P 

*lth the  non-fixed  combustible  gas,  causing  a  waste  of  heat.  Tie  p 
18 1)lown  with  steam  through  the  pipes  BB.  The  grate  is  p  atc  *  to 

the  level  of  the  water  in  the  basin,  in  order  to  allow 
t>eeoiue  partly  cool  before  they  reach  the  water,  so  as  to  caubc  * 
generation  as  possible.  •  „AV;dpd  with 

,  The  top  of  the  shaft  is  arched  over  in  dome  shape  and  is  P^'  ^  J 
Wcess.,,-  holes  and  feed  holes.  The  coal  is  fed  by  a  spec.al  dev.ee, 
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which  consists  of  a  coal  box  combined  with  a  poke  hole  stopper,  all  on  a 
sliding  plate.  In  order  to  feed  the  producer,  the  coal  box  filled  with  coal  is 
pushed  by  means  of  a  lever  over  the  opening  in  the  producer,  and  after 
dropping  its  coal  is  drawn  back  into  position  for  refilling,  the  opening  in 
the  producer  being  covered  in  the  meanwhile  by  the  poke-hole  stopper,  which 
is  in  combination  with  the  coal  box.  This  arrangement  is  gas  tight  and  is 
not  exposed  to  the  action  of  fire.  The  Swindell  producer  is  made  in  two 
forms,  the  double  front  and  the  single  front ;  it  costs  about  $785  to  erect  at 
Pittsburg,  Pa.,  one  of  the  former  type,  not  including  foundation,  steam 
connections,  or  charging  platform ;  one  of  the  latter  type  costs  about  $685. 


Figs.  -IS  and  219.  Swindell  Producer  with  Double  Front. 

'  crtl  al  te'tions  oa  “t  right  angles  with  each  other. 

,  °  ^  T'i'k'VT  "  a  ®  ^  *n-  diameter  will  gasifv  about  ei; 

sheh  .?  °f  mine  Coal  P°r  24  hours.  This  producer  is  ext, 

Tnlh  TW  10  1  States>  eBP®ciallJ  in  the  vicinitv  of  Pittsburg.  : 
CTaTe  a  17  !  m  hlS  "  3  <*li**M  brick-lined  shaft  furnace,  with 
able  to  eaJfv  fi  t  °T  ^  3  watcr_sea^e<i  bottom.  It  is  claimed  to 
1000  lb^ner  hn  **  *Tr  f  ennsvlvailia  bituminous  coal  at  the  rate  of  S00 
and  et£  Tv  °r  ‘°  ?°  ^  *  *  *  »  one  of  the  newer  desh 

shutting-off  daniptT.TtcllnP\0k nU  T  ^  charging  hoPPer>  P°ke  h° 
United  States.  r^e  nuruber  of  them  are  already  in  use  in 


fuel  and  systems  of  combustion. 
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Taylor  Producer.— The  well  known  producers  designed  by  Mr.  W.  J. 
Tavlor  and  built  by  Ik  D.  Wood  &  Co.,  of  Philadelphia,  Pa.,  are  made  in 
two  forms :  (1)  the  revolving-bottom  type  and  (2)  the  water-sealed-bottom 


Fia.  220.  Swindell  Coal  Hopper. 


type.  The  producer  with  revolving  bottom  is  a  circular  brick-lined  shaft 
contained  within  a  cylindrical  steel  shell.  The  brick  lining  does  not  extend 

to  the  bottom,  but  is  supported  on  a  bearing  plate  carried  by  brackets  riveted 

1 


Fig.  221.  Talbot  Producer. 

Scale,  %  In.  =  1  ft- 


conti"  Sh('U  Part  way  UP-  Below  the  line  of  the  bearing  P^the^s 

lr»  ^  Ued  for  a  short  distance  by  means  of  a  bosh  o  p< r  the  con. 

Producers  the  fire  brick  lining  is  not  carried  down  so  , 


Korting  Blower 


EC** 


Iig.  *.22.  Taylor  Xo.  7  Producer,  With  Revolving  Bottom. 

Settle,  %  lu.  a  1  ft. 


FUEL  AND  SYSTEMS  OF  COMBUSTION. 


319 


tinuation  of  the  shaft  being  a  double  shell,  between  which  water  is  circu- 
],,t(.(l-  this  type  is  known  as  the  half  water-jacketed.  Directly  under  the 
Mi  there  is  a  horizontal  circular  plate  so  arranged  that  it  can  be  revolved 
k  suitable  mechanism.  This  plate,  or  revolving  bottom,  is  of  greater  di¬ 
ameter  than  the  bottom  of  the  bosh  and  is  placed  at  such  a  distance  there¬ 
from  that  when  it  is  revolved  the  ash,  which  forms  its  own  slope  at  an  angle 
of  about  55°,  is  discharged  over  the  periphery  into  the  sealed  ash  pit  (which 
is  under  blast  pressure),  this  being  done  without  stopping  the  producer  and 
with  little  interference  with  the  development  of  gas.  Through  the  revolv¬ 
ing  bottom  a  central  air  pipe  rises  vertically  into  the  bosh.  In  regular 
operation  of  the  producer  the  line  between  the  ashes  and  fuel  is  kept  about 
C  in.  above  the  cap  on  the  air  pipe,  thus  permitting  the  incandescent  coal  to 
come  into  contact  only  with  the  brick  or  water-jacketed  lining,  while  all 
unprotected  iron  work  is  kept  away  from  the  heat. 

The  revolving  bottom  is  turned  whenever  the  ashes  rise  too  far  above  the 
desired  line,  say  every  six  to  24  hours  according  to  the  rate  of  working.  I  he 
bed  of  ash  is  maintained  about  3-5  ft.  deep  on  the  revolving  bottom  in  t  e 
larger  sizes  of  producers,  so  that  ample  time  is  given  for  any  coal  which  may 
pass  the  point  of  air-admission  without  being  consumed  to  burn  cntiri  \  on 
It  is  claimed  that  tests  of  a  week’s  duration  have  been  made  whic  i  iave 
shown  a  loss  in  the  ash  of  less  than  0*5 °/o  of  the  original  carbon  in  t  \ee 
The  turning  of  the  revolving  bottom  causes  a  grinding  action  in  t  n  ow 
part  of  the  fuel  bed  and  closes  any  channels  that  may  have  bun  oum 
the  blast,  thus  keeping  the  percentage  of  carbonic  dioxide  in  the  ra.  a 
minimum.  A  few  turns  of  the  crank  at  frequent  intervals  will  keep  t  ie 
fuel  bed  in  a  solid  condition,  reducing  the  necessity  of  freque nt  p° 
above.  Ashes  are  removed  once  a  day,  requiring  but  a  short,  tinu 
terfering  but  little  with  the  continuous  operation  of  the  producer.  _ 

The  Taylor  producers  are  generally  blown  by  means  of  a  s  earn  J 
fan  blower  may  be  used  if  more  convenient,  but  then  a  sma  e 
must  bo  run  into  the  vertical  air  pipe  to  supply  the  steam  nee  • 
preventing  clinkers  and  keeping  down  the  temperature  o  u 
Ihe  injected  air  and  steam  being  introduced  through  a  an  ia  p  _ 
Mhich  it  is  discharged  radially,  the  tendency  of  the  gas _t°  r<1  .  .g 

^alls,  which  is  the  line  of  least  resistance,  is  avoided.  lc  C(n  .  ^  ]je(j 
placed  with  its  top  at  a  point  sufficiently  high  to  earn  n  r  ^ 

0  ashes,  the  top  of  which  should  never  be  brought  as  ow  a. 
ftir  pipe.  Peep-holes  are  placed  in  the  walls  of  the  proi  uci  eI^ained 
ividing  line  between  the  ashes  and  the  incandescent  coa  ca  ^han  the 

at  any  time.  In  case  the  dividing  line  becomes  higher  on  one  • 


Koertii*?  Blower 
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•  Taylor  Water-Sealed  Producer,  With  Bildt  Feed. 

Scale,  %  to.  =  i  ft 


Fig.  223 
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other,  which  sometimes  happens,  four  sets  of  scrapers  are  arranged  just 
above  the  revolving  table,  any  of  which  may  be  pulled  out  in  case  the  ashes 
grind  down  too  fast  on  one  side;  this  retards  the  discharge  on  that  side  and 
levels  the  ash  bed. 

The  perforations  in  the  bosh  are  for  the  admission  of  punch-bars,  which 
are  inserted  through  the  observation  doors  in  the  lower  casing,  for  the  break¬ 
ing  up  of  occasional  clinker  which  by  inattention  or  bad  coal,  or  both,  may 
have  become  too  large  to  pass  down  and  out  without  trouble.  The  half 
water-jacketed  type  of  producer  is  recommended  especially  for  gasifying 
coal  of  inferior  quality  that  is  likely  to  clinker,  since  the  clinker  will  not 
adhere  so  readily  to  the  smooth  sides  of  the  water  jacket  as  to  lire  brick, 
and,  moreover,  the  water  jacket  is  not  liable  to  injury  when  the  poker  bars 
are  used  from  above.  In  special  instances  producers  with  water  jackets 
extending  all  the  way  to  the  top  are  built,  but  for  calorific  considerations 
any  water  jacket  producer  is  of  course  inferior  to  one  with  a  fire  brick  lining. 

At  the  top  the  Taylor  producers  are  arranged  with  the  ordinary  bell  and 
hopper  feed  and  poke  holes,  or  with  the  Bildt  continuous  automatic  feeding 
device.  The  Taylor  revolving  bottom  producers  are  also  arranged  some¬ 
times  with  conical  ash  hoppers  at  the  bottom  so  that  the  ashes  ma\  be 
discharged  periodicallv  by  gravity  into  a  car  standing  underneath. 

The  Taylor  gas  producer  with  water-seal  bottom  is  similar  in  genera 
design  to  the  revolving  bottom  type,  but  the  revolving  bottom  and  its 
mechanism  are  omitted  and  the  perforated  bosh  dips  into  the  basin  o 
water,  whence  the  ashes  are  shoveled  out  in  the  same  manner  as  in  other 
water-sealed  bottom  producers.  .  , 

The  Taylor  producers  with  revolving  bottoms  are  made  regular  \  in 
allowing  sizes : 


Size 

No. 

Inside  Diam.  of 
Brick  Lining 
or  Jacket 

8 

8  ft. 

7 

7  ft. 

6 

6  ft. 

5 

5  ft. 

4 

4  ft. 

3 

3  ft. 

2 

2  ft. 

Area  of 
Fuel  Bed 


50*3  sq. 
38*5  sq. 
28*3  sq. 
19*6  sq. 
12*6  sq. 
7*0  sq. 
3*1  sq. 


ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 


Height  to  Top 
of  Casing 


15  ft. 
15  ft. 
15  ft. 
15  ft. 
12  ft. 
10  ft. 
10  ft. 


Taylor  gas  producers  are  in  use  at  the  works  of  the  lllinoi-  ^  ’ 

IH.,  and  at  those  of  the  New  Jersey  Zinc  Co.,  at  South  Bethlehem 
an<]  palmerton,  Ta.,  and  of  the  Bertha  Mineral  Co.,  at  Bulaski,  a. 
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TIGS.  224  AND  225. 


laylor  Water-Sealed 


s<-'ale,  %  in.  =  i 

Fig.  221 :  View  from  bottom  i  , 

on  n  piano  at  right  angles  to  (hat  of  pjl  ool!  p  "(<>s-  PiK-  222:  Vertical  section  of 
♦  he  columns  to  stand  in;  after  the  columns  a  Set,i"B  thc  Producer.  square  holes  arc 

'vith  concrete  and  cemented  over.  80  an<  secured  to  the  mantel  rings,  the  holes  n 
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Wellman  Producer. — The  Wellman  producer  is  a  circular  brick  shaft  built 
inside  of  a  cylindrical  steel  shell.  For  about  half  way  down  the  shaft  in¬ 
creases  in  diameter,  and  then  is  contracted  in  the  form  of  a  bosh.  The 
rnnf  is  arched  over  in  dome  shape  and  is  provided  with  the  usual  poke  holes 
and  bell  and  hopper  feed.  This  producer  has  a  plane  grate  slightly  inclined 
and  is  driven  by  means  of  a  steam  jet  under  the  grate.  Provision  is  made 
for  putting  in  a  false  grate  by  pushing  bars  through  the  fire  above  the  ashes 
in  such  a  manner  that  they  act  as  a  grate  while  the  clinkers  below  are  being 


j 

^  ^ . 

7  Kjr- 

D 


wzfl 


Fi«.  226.  Wellman  Producer,  "V  ertical  Section  Through  ^ 

A,  aah-zone :  n.  combustion -zone ;  C,  distillation-zone,  1  *  .  j  door  for  cleaning  neck; 

[;  grate-bar;  H,  hopper;  I,  poke  hole;  KK,  neck  to  gas  mam.  U  <•« 

*  damper ;  N,  gas  main. 

removed.  During  this  operation  the  fire  must  lie  separated  from 
receiving  tube,  else  the  gas  will  hack  down  through  the  fire  on  the  workmen , 
therefore  a  separating  damper  is  provided  for  each  prot  U(  (  r-  ,  I 

n-ilson  pL,rrr- This  producer,  which  was  patented  by  Brooke  and 
'Vilson  in  1877,  was  one  of  the  first  of  the  modern  prorlnoors  of  the  shaft 
furnace  type  without  a  grate.  It  is  still  used  extensively  in  ’ 

11  insists  essentially  of  a  circular  fire  brick  shaft  built  \u  »n  «  .  y 

Rteel  shell.  Tn  the  earlier  forms  the  shaft  had  no  bosh,  but  on 
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tapered  in  toward  the  top.  The  conical  top  was  surrounded  by  an  annular 
chamber  or  gas  passage,  into  which  the  products  of  distillation  entered 
through  openings  in  the  side  of  the  shaft  and  traversing  the  hot  coke  the 
tarry  matter  was  completely  decomposed.  The  coal  is  charged  at  the  top 
by  a  bell  and  hopper  feed.  Across  the  bottom  of  the  producer  there  is  a 
hollow  ridge  of  brickwork,  which  communicates  with  the  shaft  by  a  series 
of  openings  on  each  side.  The  mixture  of  steam  and  air  being  blown  into 
this  flue  escapes  into  the  bed  of  fuel  through  those  openings.  Since  the 
steam  and  air  are  thus  blown  into  the  middle  of  the  producer  the  diameter 
of  the  shaft  must  not  be  so  great  that  the  air  cannot  reach  its  circumference. 


Figs.  227  and  228.  Wilson  Producer. 

Fig.  227  :  Original  form.  Fig.  228  :  Mechanical  discharge. 


Tile  usual  diameter  is  about  8  ft.,  but  it  may  be  made  as  groat  as  15  «•' 
k  n  go  in  the  hearth  of  the  producer  divides  the  latter  into  tuo  half* 
Ik.1  °  1  ^  Prov^ed  with  a  cleaning  door.  When  it  is  necessary  t° 

. I  !'  ''  U's’  " lriodi  should  he  done  about  once  in  12  hours,  the  sto'MI 

tint  the  ™ n  °f  ir0n  bars  m  inserted  through  small  side  doors  so 

and  .  7*  0n  Ih"  '>rick  rid^  Tl'"  cleaning  doors  arc  then  opened 
”1  vd  amltw  °nt-  <t>c  doors  arc  closed,  the  W 

d  -or  aid  ,  "  havinf!  *>»'>•  steam  is  turned  on.  This 

,  '  l°  ™"  “"’inarily  so  as  to  ,„sifv  about  20  lb.  of  ooal  l«'r 

■  tl.  Pud  u„e  „„,a  be 

,ve  anfl  hard|y  to  be  recommended. 
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simm  foot  of  hearth  per  hour,  hut  under  favorable  conditions  the  rat,.  m„v 
be  made  as  high  as  10  II,. •  Both  three  figures  are  ureatlv  in  excess  „> 
what  is  aimed  at  in  ordinary  pis  producer  practice  (vide  p 

There  is  a  modified  type  of  the  Wilson  producer  in  which  the  annular  ™ 
cliamher  is  omitted  and  the  shaft  tapers  slightly  toward  the  bottom.'  The 
■nr  is  supplied  through  an  iron  channel  connecting  with  an  underground 
tine  and  a  strong  iron  bar  is  fixed  across  (lie  producer  to  support  the  ends  of 

the  cleaning  bars. 

The  Wilson  automatic  producer  has  a  flask-shape  shaft  and  the  bottom  is 
formed  with  two  troughs,  in  each  of  which  works  an  endless  screw.  The 


Fics.  2*2!)  and  230.  Wilson  Pkoduckh. 

Modi  tied  Type. 


t°m  ^)0  ashos  outward  and  discharge  them  continuously.  1  he  bot- 

to  p/  °  ^  with  water,  which  keeps  the  screw  cool  and  also  serves  as  a  seal 
the  oT  thc  CscaP°  of  This  producer  is  built  somewhat  taller  than 

^?her  l(!'ar'  Pro(^ucer  and  the  air  and  steam  art'  blown  into  the  tuel  at  a 

p 

^•)Ci°jN’ECTI0KS*~A  furnace  heated  by  an  independent  producer  is 
He  tlw  l  lroctl>*  therewith.  Zinc  distillation  furnaces  are  sometimes  so 
ease  a  ‘  *  ^attery  of  producers  is  required  to  serve  each  one,  in  "l'u 
firing  ^  f  canal  will  lead  from  the  battery  to  the  furnace.  In  other  * 


"  *‘i  u'iiu  lrom  me  utuieiv  iv»  . 

ions  a  large  volume  of  gas  mav  be  required  at  numerous  pom  s 

«*  v  -  .  nun  a 


J^llat  I 

8n’t  tho  ^  i  . “  "  *«'go  volume  oi  gn.'  may  uc  ivquuvu  ; 

Stic  m  ^  ’,wrs  arranged  in  one  hutterv  are  caused  to  disci.iig,  111  1  a 
«f  from  which  branches  are  taken  off  to  the  various  points 


1  Sexton,  op.  clt. 
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same  pressure  irrespective  of  their  widely  differing  volumes.  The  gas  for¬ 
mations  of  both  Indiana  and  Kansas  are  ol  this  type.  I  he  gas  of  these 
porous  rocks  generally  comes  to  a  sudden  end.  says  Professor  Orton ;  oil 
comes  in  and  tills  the  pipes,  or  salt  water  shuts  off  the  gas  like  a  light  blown 
out  by  a  gust  of  wind.  Only  by  constant  care  and  attention  in  removing 
those  substances  from  the  pipes  can  the  life  of  the  well  be  maintained, 
especially  in  its  later  stages. 

The  natural  tendency  of  the  gas  is  to  accumulate  at  anticlinal  folds  or  the 
higher  portions  of  the  porous  formation  in  which  it  occurs,  petroleum  and 
salt  water  being  found  at  the  lower  levels  in  the  same  formation.  The 
theory  is  that  the  gas  and  the  two  liquids,  when  coexistent,  arrange  them¬ 
selves  according  to  their  specific  gravities.  The  pressure  under  which  the 
gas  is  stored  is  known  as  the  rock  pressure.  There  is  a  difference  of  opinion 
as  to  the  cause  of  this  pressure.  Professor  Orton  considers  that  it  is  hydro¬ 
static,  being  due  to  the  head  of  the  water  entering  the  porous  formation 
and  in  support  of  this  theory  showed  that  the  pressure  of  the  wells  of  the 
Trenton  limestone  in  Ohio  agreed  exactly  with  what  would  result  from  a 
head  at  the  level  of  Lake  Erie,  while  water  followed  the  gas  into  the  rock  as 
the  gas  was  exhausted.  Professor  I.  C.  White  has  called  attention,  on  the 
other  hand,  to  the  facts  that  gas  exists  at  points  in  New  York,  Pennsyl¬ 
vania  and  West  Virginia  at  pressure  exceeding  any  possible  artesian  pressure, 
while  the  sands  as  depleted  continue  dry.  In  these  cases  at  least  the  pressure 
would  appear  to  he  due  solely  to  the  causes  which  produced  the  great  acc  u¬ 
mulations  of  gas.  Nevertheless  it  is  true  that  in  some  fields  the  life  of  the 
wells  is  suddenly  terminated  by  the  influx  of  water.  The  appearance  ot' 
water  in  a  well  is  not,  however,  necessarily  an  indication  that  it  comes  from 
the  same  stratum  as  the  gas,  since  it  may  leak  in  through  defective  casing 
from  the  overlying  strata. 

Volume  and  Pressure. — The  so-called  rook  pressure  is  that  of  the  gas 
reservoirs  as  shown  by  closed  in  wells.  The  open  flow  of  a  well  is  computed 
from  the  one  minute  pressure,  which  is  what  is  registered  after  the  flowing 
well  has  been  closed  in  one  minute.  The  actual  flow  of  a  well  in  use  is  con¬ 
siderably  less  than  the  open  flow  because  it  will  be  discharging  against  more 
or  less  line  pressure.  The  open  flow  is  determined  largely  by  the  character 
of  the  gas  rock  or  sand.  If  the  latter  be  loose  and  open  the  flow  is  larger 
than  when  it  is  hard  and  compact.  From  this  it  follows  that  wells  which 
show  the  same  rock  pressure  may  make  a  different  output,  while  frequently 
the  smallest  open  flow  may  be  found  with  the  greatest  rock  pressure.  If 
the  compact  condition  of  the  sand  he  of  limited  extent,  shooting  the  well 
may  permanently  benefit  it;  otherwise,  it  will  not.  A  well  exhausts  the 
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formation  in  its  immediate  vicinity  and  gradually  takes  its  supply  from 
parts  of  the  field  more  and  more  remote,  decreasing  in  rock  pressure  and 
open  flow  in  proportion  to  the  distance  from  which  it  is  drawing.  By  shut¬ 
ting  in  and  resting  a  well  its  rock  pressure  and  open  flow  may  be  revived 
to  a  degree  approaching  the  limit  of  the  field  as  a  whole.  When  a  single 
well  is  overworked  water  may  leak  in  from  the  superior  rock  strata  through 
defective  casing,  either  improperly  put  in  originally  or  subsequently  cor¬ 
roded.  There  is  an  economic  limit  to  the  pressure  under  which  gas  wells 
should  te  worked,  and  a  limit  to  the  number  of  wells  that  should  be  drilled 
on  a  given  area.1  When  a  well  is  not  lost  by  drowning  out,  and  continues 
dry,  the  gas  of  the  area  it  draws  from  may  be  almost  completely  won  by 
pumping  after  the  rock  pressure  itself  becomes  too  low.  In  this  way  gas  is 
still  obtainable  in  some  cases  where  the  rock  pressure  is  only  a  few  pounds, 
but  the  installation  of  a  pumping  plant  and  its  operation  adds  of  course 
materially  to  the  cost  of  the  gas. 

Gradual  Exhaustion. — The  record  of  the  Indiana  field  is  instructs  e  as  to 
the  probable  duration  of  others  of  similar  character.  According  to  J.  (  . 
beach,  natural  gas  surpervisor  of  the  State,  in  bis  report  to  the  State  G<  olo 
fdst  for  1900,  the  decline  in  the  rock  pressure  throughout  the  field  was  at 
first  gradual  and  fairly  uniform.  As  the  supply  of  gas  decreased  the  press¬ 
ure  l»eeainc  less  uniform,  and  the  rise  of  the  salt  water  cut  off  the  more 
elevated  portions  of  the  gas  strata,  thus  dividing  the  field  into  numerous 
small  gas  areas,  varying  in  pressure,  the  draught  on  one  not  a  ectin^ 
others.  The  close  proximity  of  the  salt  water  to  the  gas  in  the  Indiana 
formation  prevents  the  complete  exhaustion  of  the  gas  o\cr  a  1ui\-a 
the  field.  The  original  rock  pressure  in  Indiana  was  about  325  lb.  per  sq. 
in.  After  10  years’  drain,  in  1896  the  average  pressure  was  220  lb.;  recen  } 
has  l>een  declining  at  the  rate  of  20  to  25  11).  per  annum,  anc  a 
of  1900  was  only  about  110  lb.  Many  of  the  wells  are  lost  by  the  in 
°f  salt  water  when  the  pressure  falls  to  100  11).  The  m  lana  u  < 
an  area  of  2850  sq.  miles  and  the  original  pressure  was  about  the  s  ‘ 

Parts  of  it.  The  Iola  field,  wherein  most  of  the  zme  smelteries  o  <  _ 
ar‘*  boated,  is  small.  The  original  rock  pressure  was  abou i  «  •>  • 

^  was  first  utilized  for  zinc  smelting  in  1896,  bu  until  1899  t  e  dram 
was  not  very  heavy.  At  the  end  of  1902  the  pressure  had  fallen  to  about  20 

lb.  as  a  general  average  for  the  field.  r>T™  t  Tv*.q 

Cost  of  Drilling  for  Natural  Gas  and  Goxstri  ction  of  '  *  , 

Natural  gas  wells  are  commonly  put  down  hv  the  or<  inar\  n 
fhurn  drilling.  In  Kansas  it  is  customary  to  tube  the  wells  with  wrought 

'Mineral  Resources  of  the  Tnited  States,  1000,  p. 
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iron  pipe  2  in.  or  3  in.  in  diameter,  the  casing  being  5%  in.  The  cost  of  drill- 
ing  is  80c. (f?  1*00  per  foot.  At  lola,  where  the  wells  are  about  1000  ft.  deep, 
the  total  cost  per  well  is  about  $1500  in  general.  This  includes  everything, 
the  contractor  delivering  the  well  complete  and  closed  in. 

In  order  to  prevent  the  gas  of  a  high  pressure  well  from  escaping  through 
the  open  porous  rock  near  the  surface,  wherein  it  would  lose  its  pressure  and 
issue  at  a  distance  from  the  well  wherever  it  might  chance  to  find  an  outlet, 
the  modern  practice  of  preparing  a  gas  well  is  to  case  below  the  water  and 
tube  to  the  top  of  the  rock  where  the  high  pressure  gas  is  found.  A  pack¬ 
ing  is  placed  at  that  point,  whereby  all  communication  with  the  well  above 
outside  of  the  tube  is  shut  off. 

The  cost  of  the  pipe  line  from  the  wells  to  the  works  depends  of  course 


Fio.  233.  High  Pressure  or  Reducing  Regulato 


upon  its  length  ami  varies  with  the  market  price  of  the  material  an.l  the 
coat  of  labor  m  makrag  the  inatallation.  The  contraction  of  a  f,  in.  pipe 
me  might  be  expected  „  cost  about  90c.  per  foot,  reckoning  the  pipe  a,  tier. 

a  a  'o  aV't  '"7  ^  >  4  *»■  1»>  1™  would  pro  I,  al.lv  coat 

about  oOc.  a  foot,  reckoning  the  nine  nlorm  of  or  4 ,  . 

in  Kansas  it  is  the  common  practL  to  run  4  „  u  A‘  the  l'T 

works,  hut  lately  some  0  in.  ,Ls  have  h ^1^7  fr°m  ^  ^  *"e 

Determination  of  the  Voehhe  Don™*,,  „Y  A  Gas  Wml  _TI„,  rol. 

amo  of  a  natural  gas  well  ,s  commonly  estimated  from  the  “one-minut  pros- 
sure,  ,.e  the  pressure  registered  by  the  gas  i„  weU  h “tag  been 

closed  in  for  the  period  of  one  minute  or  n  i  er  nawn^ 

with  a  Pitot  gauge.  ’  rref™%  %  direct  measurement 

In  order  to  determine  the  output  in  pi,1>;„  ^  , 

J  m  cubic  feet  of  a  gas  well  by  the  pres- 
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sure  shown  on  the  gauge  after  the  well  has  been  closed  for  one  minute,  the 
time  being  noted  from  when  it  was  commenced  to  close  the  gate  and  pains 
having  been  taken  to  do  the  latter  as  quickly  as  possible,  the  gauge  pressure 
in  pounds  is  multiplied  by  0-07;  multiplying  the  product  by  the  volume  in 
cubic  feet  in  the  casing  gives  the  cubic  feet  per  minute,  from  which  the 
number  of  cubic  feet  per  hour  and  per  day  can  be  computed  by  multiplying 
by  bo  and  1440  respectively.  For  example,  suppose  the  one  minute  press¬ 
ure  shown  by  a  well  1120  ft.  deep  tubed  with  2  in.  pipe  were  220  lb., 
the  content  of  the  tube  of  that  length  and  diameter  would  be  24-5  cu.  ft. 


£ 

i/.-  ( 

Jp£r_2 _  j 

Fig.  234.  Low  Pressure  Regulator  Fitted  With  By-Pass. 


Flu  output  of  the  well  would  be  therefore  0*07X220X24*5 — 377*3  cu.  ft. 
P<?r  minute  =22,638  cu.  ft.  per  hour  =545,312  cu.  ft.  per  24  hours. 

Fho  flow  of  gas  through  pipe  lines  is  determined  by  meter,  by  means  of 
>e  Fitot  tube,  or  by  computation  from  the  initial  and  discharge  pressure, 
Slze  an(l  length  of  pipe  line.  The  meters  directly  measure  the  volume  of 
le  which  passes  through  bellows  of  known  capacity,  filled  and  emptied 
automatically.  When  the  volume  of  gas  is  so  large  as  to  require  a  very 
expensive  meter  to  measure  the  whole  flow,  the  proportionate  meter  is  em- 
P  <»yed,  in  which  an  aliquot  portion  of  the  current  is  diverted  and  measured, 
flu*  flnW*  through  a  pipe  line  can  be  determined  very  well  by  means  of  the 
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should  be  thoroughly  blown  out  to  free  it  from  sticks,  stones,  dirt  and  other 
rubbish.  A  safety  "valve  should  be  placed  somewhere  on  the  line  between 
the  high  and  low  pressure  regulators,  set  to  blow  off  at  a  few  pounds  above 
the  pressure  carried  on  the  low  side.  In  adjusting  the  regulators  it  is  im¬ 
portant  to  observe  that  the  small  cock  leading  to  the  diaphragm  is  open. 
The  lever  and  weight  are  then  placed  in  position  and  the  gas  is  turned  on 
slowly,  weights  being  added  until  the  pressure  gauge  on  the  low  side  shows 
the  number  of  pounds  or  ounces  desired.  If  from  any  cause  the  gas  leaves 
the  line,  the  automatic  cut-off  of  the  low  pressure  regulator  closes  and  re¬ 
mains  closed  until  opened  by  hand.  The  valves  on  these  regulators  are  bal¬ 
anced  so  that  variations  of  pressure  in  the  supply  mains  do  not  affect  the 
pressure  in  the  works,  an  important  feature  since  the  operation  of  the  fur¬ 
naces  in  which  the  gas  is  being  burned  would  be  affected  by  fluctuations  in 
the  pressure.  Regulators  on  gas  lines  and  in  smelting  works  generally  have 
a  by-pass  fitted  to  them,  so  that  gas  can  be  delivered  temporarily  around 
them  in  case  of  accident  to  the  regulator,  the  flow  being  then  regulated  by 
hand. 

Another  important  accessory  to  a  natural  gas  line  is  a  safety  valve  on  the 
low  pressure  line  to  carry  off  the  surplus  gas  in  case  of  any  accident  which 
might  permit  the  high  pressure  gas  suddenly  to  enter  the  low  pressure 
pipes.  These  valves  are  made  to  blow  off  at  any  desired  number  of  ounces, 
so  that  they  can  be  set  a  few  ounces  above  the  low  pressure  which  is  carried. 
They  are  entirely  closed  so  that  they  cannot  be  tampered  with. 

Composition  of  Natural  Gas. — Natural  gas  is  essentially  a  mixture  of 
marsh  gas,  C1I4,  with  relatively  small  quantities  of  hydrogen,  olefiant  gas> 
carbon  monoxide,  carbon  dioxide,  oxygen,  nitrogen  and  hydrogen  sulphide. 
The  composition  of  natural  gas  obtained  from  various  places  in  the  I  nited 
States  is  shown  in  the  following  table : 


Constituent 

Fostoria. 
Ohio  a 

Findlay, 
Ohio  a 

St. 

Mary’s, 
Ohio  a 

Muncic, 

Ind.a 

Ander¬ 
son, 
Ind.  a 

Kokomo, 

Ind.a 

Marion, 
Ind.  a 

Pittsburg 
Pa.  b 

Hydrogen  (H) . 

Marsh  gas  (CH4> . 

Olefiant  gns(C?H4). .  .  . 
Carbon  monoxide  (CO). 
Carbon  dioxide  (COa)  . 

Oxygen  (O) . 

Nitrogen  (N1 . 

Hydrogen  Sulph.  (H,S) 

189% 
92  84 
0’20 
0*55 
0*20 
0-35 
3-82 
015 

1*64%  1 

93*35 

0*35 

041 

025 

039 

341 

0-20 

1*94%| 

93’85 

0*20 

0*44 

0-23 

0*35 

298 

0*21 

2*35% 

92*67 

(V25 

0*45 

025 

0*35 

3*53 

015 

1*86% 
93  07 
047 

O’ 73 
0’26 
0’42 
302 
0*15 

1*42% 

94*16 

0-30 

0’55 

0’29 

0*30 

2’80 

0-18 

1*20% 

93*57 

O’ 15 
0*60 
030 
0-55 
342 
020 

22  00% 
67 *00 
100 

0  60 
0’60 
•so 

3*00 

roOO 

<1  Kng.  fliul  Min.  .Tourn.,  April  21.  1804.  h  Average  composition  of  natural  (ins  In  •''' 
vicinity  of  Pittsburg.  Pa.,  according  to  S.  A.  Ford.  In  Trans.  Am.  Inst  Mining  Kng.. 

-m;  100  liters  of  such  gas  weigh  04-8585  g.  and  1000  cu.  ft.  are  equal  in  heating  l""vrr 
to  r».->  lb.  of  the  average  Pittsburg  bituminous  coal,  I.e.,  2000  lb.  of  coal=36.360  cu.  ft-  PaS- 
c  Ethyl  hydride  (ethane),  CiH* 
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It  will  be  observed  from  the  above  analyses  that  natural  gas  is  the  most 
concentrated  fuel  that  is  known  in  technical  practice,  being  considerably 
superior  to  the  gas  which  is  distilled  from  coal,  known  commonly  as  illumi¬ 
nating  ga&  and  far  superior  to  the  ordinary  fuel  gas  obtained  either  from 
anthracite  or  bituminous  coal,  which  is  diluted  by  a  large  percentage  of 
incombustible  and  inert  nitrogen.  Keeping  in  mind  the  chemical  compo¬ 
sition  of  natural  gas  and  the  concentrated  character  of  its  combustible,  the 
principles  governing  its  economical  combustion  will  be  readily  understood 
from  what  has  been  written  previously  as  to  the  combustion  of  coal  and 


producer  gas.  A 

Quantity  of  Am  Required  for  the  Burning  of  Natural  (,as.— Une 

cubic  meter  of  producer  gas  containing  22-8%  CO,  S-5$>  H,  2-4%  l  4» 
0-4%  C2ll4,  5-2%  CO..,  0-4 %  0  and  60-3%  N,  has  a  calorific  value  of 
11  TO  calories,  wherefore  1000  calories  are  developed  by  0-855  cu.  m.  of  gas, 
which  requires  for  combustion  O-S(iV)  cu.  m.  of  air  and  pioduees  1  G0~  cu.  m. 
of  combustion  products,  comprising  0-207'  cu.  m.  of  t  02,  0  133  cu.  m. 

11,0  and  1-202  cu.  m.  of  X.  One  cubic  meter  of  pure  marsh  gas  has  a 
calorific  value  of  8480  calories,  wherefore  1000  calories  are  developed  bj 
0-118  cu.  m.  of  gas,  which  requires  for  combustion  1*12(5  cu.  m.  o  air 
produces  1-244  cu.  in.  of  combustion  products,  comprising  01  h  cu.  m.  c 
C0S,  0-236  cu.  m.  of  H.,0  and  0-85)0  cu.  m.  of  nitrogen.  Whereas  or 
combustion  of  1  cu.  m.  of  producer  gas  of  the  composition  spoci  u*  a  )0 
there  is  required  1-106  cu.  m.  of  air,  the  combustion  of  1  cu.  m.  of  mars 
gas  necessitates  the  supply  of  9*542  cu.  m.  of  aii.  llu  pn>poi  101 
increases  with  the  percentage  of  ethane  in  the  gas.,  ami  1  le  quan  i  \  ( 
required  to  consume  1000  cu.  m.  ot  natural  gas  of  the  average  compos 
is  slightly  less  than  11.000  cu.  m.  In  practice,  however,  it  >s 
not  to  use  the  full  amount  necessary  for  complete  com  ^  lon'  ,  ,,  , 

tion  of  1 : 10  being  found  to  give  the  best  results/  It  will  be  ob^rved  that 
in  respect  to  the  proportion  of  air  supply  practice  uis  t  ornunu  ,  ^ 
difference  between  natural  gas  firing  on  the  one  ham  am  >° 
gas  firing  and  direct  firing  on  the  other  hand,  inasmuch  as  no  e  * 
air  is  used  with  natural  gas,  while  producer  gas  requm s  upw a  ^ 

excess  of  air  when  the  latter  is  not  preheated  and  ordinary  it  » 

the  way  from  50%  to  100%  excess.  .  _ 

In  natural  gas  firing  it  is  even  more  important  than  m  P™^ce & 
firing  to  insure  an  intimate  mixture  of  the  gas  and  air,  since  * 
producer  gas  firing  the  air  and  gas  are  more  or  lc>*  °  ulua 

’F.  H.  Oliphant,  Mineral  Resourcs  of  the  United  States  for  1806.  m  ,he  * 

Annual  Report  of  the  United  States  Geological  Survey. 
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natural  gas  firing  the  quantity  of  air  required  is  in  volume  ten  times  as  groat 
as  the  quantity  of  gas  to  be  burned.  Moreover,  producer  gas  and  air  are  of 
nearly  the  same  specific  gravity,  the  former  being  approximately  0-97  as. 
Burning  the  latter  as  unity;  while  on  the  other  hand  the  specific  gravity  of 
natural  gas  is  only  0-55  to  0-60,  air  being  again  assumed  as  unity. 

Dissociation  of  the  Hydrocarbons.— At  the  temperatures  which  are 
frequently  obtained  in  industrial  firing,  especially  in  zinc  smelting,  the 
hydrocarbons  of  a  fuel  gas,  either  artificial  or  natural,  are  subject  to  disso¬ 
ciation,  i.e.,  they  are  split  up  into  their  elementary  constituents,  carbon  and 
hydrogen.  If  this  happens  in  the  presence  of  an  adequate  supply  of  air 
both  the  hydrogen  and  the  carbon  will  be  burned,  the  former  to  aqueous 
'apor  and  the  latter  to  carbon  dioxide.  If,  however,  the  supply  of  air  be 
insufficient  only  the  hydrogen  may  be  burned,  while  the  carbon  will  be  de¬ 
posited  as  soot.  With  natural  gas,  of  which  upward  of  90%  is  hydrocarbon, 
more  difficulty  is  liable  to  be  experienced  on  this  account  than  with  ordinary 
iuel  gas,  which  is  comparatively  poor  in  hydrocarbons.  This  dissociation  of 
hydrocarbons  with  the  accompanying  deposition  of  soot  is  liable  to  cause 
rou  j  e  in  nuta  lurgical  firing  with  natural  gas  unless  it  be  prevented.  The 
fact  that  natural  gas  is  dissociated  in  that  manner  is,  however,  one  of  the 
i  ! .  ^  °"°s  ds  Srcat  heating  power,  the  latter  being  due 

.  %  °  J?n  r0m  ^ie  ^ncan(iescent  particles  of  carbon  which  are 

in  nrm''  v  ^  )e  ■  as  s0°t  the  remedy  is  simple,  consisting  nierelv 

with  th  S  a  ™  mSlte  8UPply  °f  air  and  iusuring  its  thorough  mixing 
firing  f?  I1'  "'T10t  Underst00d  in  the  eai'lv  days  of  natural  gas 
thcZtoll nwn?  ep°SitS  °f  S00t  Avcre  Permitted  to  form  around 
Myalls  of  th  r  I1"  I181118'1011  fUrnaCeS’  reducinS  the  ^at  conductivity  of  the 
re  soot  som^  TeqUGntly  the  extraction  of  metal  from  the  ore, 

rmaatmg  t0  th°  CXtent  that  ‘he  passages  for  the  com¬ 
be  opened  bv  la  et"een  the  rct°rts  would  be  completely  closed  and  had  to 

1899  3  b(?tter  knowledge  of  the  method  of 
In  the  early  hSn  **  ft/0'1  dlstnet  has  entirely  eliminated  this  difficulty. 
Pal the Z ^  was  S  ?  T  °f  natural  in  the  vicinity  of  Pittsburg, 
which  method  was  mt°  tbe  furnaces  directly  from  simple  pipes, 

o  gas  am  a  r  wa  ,rn  1 ■'**”*  *  be  def^  ^much  as  the  mixture 

as  *  is  ^ a  °{ 

under  too  high  a  pressure  ho  •  «  th°  m  Was  admitte<l  to  the  furnace 

access  of  air.  The  effeef  of  tiT^  ,  ’°  stream  consolidated  and  preventing 
case  of  wells  of  natural  -m*18,  °  'Sl'rvpd  in  an  exaggerated  degree  in  the 
close  in  the  gas  and  lb  Pressure  when  it  has  been  impossible  to 

gaS  8nd  thG  Iattcr  has  been  ignited ;  combustion  does  not  take 
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place  under  those  circumstances  until  the  gas  lias  reached  an  altitude  of 
many  feet,  where  its  pressure  has  diminished  and  it  has  become  scattered  so 
that  the  air  gains  access  to  it. 

The  method  of  burning  natural  gas  in  furnaces  was  improved  by  dividing 
the  flow  through  a  number  of  small  openings,  each  entangling  a  portion  of 
air  before  the  gas  is  ignited,  instead  of  causing  the  gas  to  issue  directly  out 
of  the  pipe  or  through  a  perforated  end.  The  greater  the  number  of  the 
divisions  and  the  lowrer  the  pressure  up  to  a  certain  limit,  the  more  perfect 
was  the  combustion.  Frequently  the  gas  supply  pipes  terminate  in  mixers 
which  draw  in  air  on  the  principle  of  the  well  known  Bunsen  burner  and 
give  good  results.  In  good  practice  in  natural  gas  firing  the  gas  is  now 
rarely  admitted  into  the  furnace  at  a  pressure  exceeding  (5  oz.  According 
to  F.  H.  Oliphant1  the  best  results  have  been  secured  from  a  burner  with  a 
series  of  small  openings,  A  to  A  in.  diameter  or  less,  under  a  pressure  not 
greater  than  4  to  6  oz.  The  gas  is  conveyed  through  a  tube  1-5  in.  diameter 
and  16  to  18  in.  long,  surrounding  each  jet  of  gas,  with  a  proper  opening  at 
the  bottom  of  the  tube  to  admit  air  on  the  principle  of  the  Bunsen  burner. 

Relative  Efficiency  of  Natural  Gas  and  Coal. — A  natural  gas  of  the 
composition  2-18%  H,  92-6%  CII4,  0-31%  C2H4,  0-5%  CO,  0-26%  C02, 
3*61%  N  and  0-34%  0,  has  a  calorific  power  of  approximately  1,100,000 
R-  T.  TJ.  per  1000  cu.  ft.  One  ton  of  Pittsburg,  Pa.,  coal  containing  53% 
fixed  carbon  and  32%  volatile  combustible  has  a  calorific  power  of  28, 1 50,000 
B-  T.  TJ.  Consequently  2000  lb.  of  the  average  Pittsburg  bituminous  coal 
is  theoretically  equivalent  to  20,000  cu.  ft.  of  natural  gas  of  the  above  com¬ 
position,  which  is  more  or  less  typical  of  the  natural  gas  of  TV  estern  Penn¬ 
sylvania,  West  Virginia,  Ohio  and  Indiana,  as  will  be  seen  by  comparison 
with  the  analyses  given  in  a  previous  section.  The  theoretical  calorific 
power  of  natural  gas  cannot  of  course  be  attained  in  practice,  but  according 
to  F.  H.  Oliphant  1000  cu.  ft.  will  evaporate  under  favorable  conditions 
1000  lb.  of  water  at  212°  F.,  equivalent  to  a  utilization  of  906,000  B.  1.  U- . 

Practically  the  relative  efficiency  of  natural  gas  and  bituminous  coal  is 
different  from  that  which  is  calculated  theoretically.  As  to  what  is  the  true 
Practical  equivalent  authorities  differ,  as  would  be  naturally  expected,  since 
the  conditions  under  which  the  tests  have  been  made  are  far  from  identical. 
Assuming  that  1  cu.  ft.  of  natural  gas  will  actually  evaporate  1  lb.  of  water 
and  that  10  lb.  of  water  can  be  evaporated  with  1  lb.  of  coal,  which  we 
know  can  actually  be  accomplished  with  good  Pittsburg  bituminous  coal, 
1  lb.  of  coal  would  be  equal  to  10  cu.  ft.  of  natural  gas,  whence  2000  lb. 
coal=20,000  cu.  ft.  of  natural  gas.  According  to  S.  A.  Ford  1000  cu.  ft. 
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of  the  natural  gas  obtained  in  the  vicinity  of  Pittsburg,  Ta.,  is  equivalent  in 
heating  power  to  55  lb.  of  the  average  Pittsburg  bituminous  coal,  i.e.,  2000 
lb.  of  coal=36,360  eu.  ft.  of  gas.  This  means  the  theoretical  equivalent. 
According  to  Barr  in  his  treatise  on  Boilers  and  Furnaces,  tests  in  making 
steam  in  boilers  at  Pittsburg,  Pa.,  showed  that  1000  cu.  ft.  of  natural  gas 
was  equivalent  to  80  to  133  lb.  of  bituminous  coal,  according  to  the  quality 
of  the  coal  and  the  gas  and  the  skill  in  firing,  these  figures  being  equivalent 
to  ratios  of  2000  lb.=25.000  cu.  ft.  and  2000  lb.=15,000  cu.  ft. 

The  variation  in  the  above  figures  is  due  of  course  to  the  difference  in 
the  character  of  the  gases  and  the  coals,  especially  the  latter,  and  the  con¬ 
ditions  under  which  they  were  burned  and  their  calorific  values  utilized.  A 
clearer  understanding  of  the  true  basis  for  comparison  is  to  be  gained  from 
a  consideration  of  the  properties  of  the  pure  fuels.  Methane  (CH4),  or 
marsh  gas,  when  burned  completely,  has  a  calorific  value  of  23,513  B.  T.  II. 
per  pound.  One  cubic  foot  weighs  0-01403  lb.  Consequently  the  calorific 
value  of  a  cubic  foot  is  1049  B.  T.  U. ;  of  1000  cu.  ft.  it  is  1.049,000  B.  T.  U. 
A  pure  coal  consisting  of  93*76%  C.  and  0*24%  H.  would  have  a  theoretical 
heating  value  of  17,550  B.  T.  U.  per  pound,  or  35,112,000  per  2000  lb. 
The  potential  energy  in  2000  lb.  of  such  coal  would  be  equivalent  therefore 
to  that  of  33,470  eu.  ft.  of  methane. 

The  combustion  of  1000  cu.  ft.  of  methane,  or  44-G3  lb.  would  result  in 
122-73  lb.  CO.,+100-42  lb.  1LO+59G-2G  lb.  X  =819-41  lb.  total  gas.  The 
combustion  of  59-75  lb.  of  coal,  containing  93-70%  C  and  G-24%  II,  which 
has  the  same  potential  heat  effect  as  44-03  lb.  of  methane,  would  result  in 
205-59  11).  COa4-33-57  lb.  lLO-j-599-93  lb.  N=839-09  lb.  total  gas.  It  will 
be  observed  that  although  there  is  no  great  difference  in  the  quantity  of  the 
combustion  products  there  is  a  great  variation  in  their  composition.  While 
that  from  the  methane  contains  about  15%  C02  and  12-25%  H.O,  by 
weight,  that  from  the  coal  contains  24-5%  CO.  and  only  4%  ILd  Con¬ 
sequently  the  specific  heat  of  the  former  is  0-268  against  0-247  for  the  latter. 
If  the  two  fuels  be  burned  in  a  smelting  furnace  from  which  the  products 
of  combustion  escape  at  a  temperature  of  say  2372°  F.  (1300°  C.)  the 
available  beating  effect,  leaving  aside  losses  by  radiation,  will  be  the  theo¬ 
retical  minus  what  is  carried  away  as  latent  and  physical  heat  in  the 
products  of  combustion.  In  the  ease  of  the  methane  the  heat  carried  away 
by  the  combustion  products  will  be: 


Latent  heat  of  100*4*2  lb,  H.O . 

Physical  heat :  819-41X  (2372— G2)  X0-2Gb!  . . 

Total . 


96,976  B.  T.TT. 
507,280  B.  T.U. 

604,256  B.  T.  U. 
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In  the  case  of  the  coal  the  corresponding  figures  will  be : 

Latent  heat  of  33-57  lb.  H20 .  32,419  B.  T.  U. 

Physical  heat :  839-09  X  (2372  -  02)  X 0-247 ....  478,7(50  B.  T.  U. 

Total .  511,179  B.  T.  U. 


The  available  heating  effect  from  the  methane  would  therefore  be  1,049,- 
000_  604,256=444,744  B.  T.  U.,  while  that  of  the  coal  would  be  1,049,000 
-511,179=537,821  B.  T.  TJ.  This  presupposes,  however,  the  combustion  of 
the  coal  without  excess  of  air,  which  in  practice  is  not  attainable  unless  it 
he  converted  into  gas  and  the  latter  be  burned  with  highly  preheated  air. 
The  burning  of  59-75  lb.  of  coal  of  the  composition  specified  requires  780  lb. 
of  air.  If  10%  excess  be  used  the  escaping  products  of  combustion  will  be 
increased  by  78  lb., which  will  carry  away  78X0-2375X  (2372— 62)  =42,793 
h-  T.  U.  If  50%  excess  be  used  the  additional  quantity  will  be  213,965 
3.  T.  U.  and  the  available  heating  effect  will  be  only  1,049,000  —  (511,179+ 
213,905)  =323,856  B.  T.  U.  Instead  of  having  to  burn  33,470  cu.  ft.  of 
methane  to  obtain  the  same  practical  result  as  from  2000  lb.  of  pure  coal, 
it  would  be  necessary  to  burn  only  about  24,400  cu.  ft.  If  the  methane 
*ere  95%  of  the  natural  gas  and  the  remaining  5%  were  incombustible,  the 
quantity  of  natural  gas  required  would  be  approximately  25,700  cu.  ft.  If 
hm  coal  contained  87%  combustible  (say  55%  fixed  carbon  and  32%  hydro- 
(,irbong)  the  natural  gas  equivalent  of  a  ton  would  be  0-87 X25>'00  v,o59 

!t  appears  therefore  that  in  the  complete  combustion  of  quantities  of 

I*1' thane  and  coal  of  equal  heat  potent  iality,  the  character  of  the  ion 

l  "  U(^s  the  former  cause  more  heat  to  be  wasted  than  in  the  i<i  < 
latter.  TL„  . .  ..  ,  j...  : .  moreover  bv  the 

able  beat  is  4 1  1,7  1  f 
u.  in  the  case  of 

o>..  ,  —  ease  oi  me  memane,  agaiust  *"•  -  ,  rivoo  v 

f*r\a1  4 1_  -  -  j  _ ,«.i4n-ro  m  »)  i  v  *  • 


,  The  relative  proportion  of  such  waste  is  affected 
l^pcrature.  Whereas  at  2372°  F.  (1300°  C.)  the  availab 
*u  '  *u  ^lc  case  of  the  methane,  against  537,821  B.  1  •  woo  ... 

(L?'’  «*  ratio  being  1,  1-21.  with  a  chimney  temperature  of  • 

f  C  •),  the  corresponding  figures  are  840,027  and  910,881,  gnnm  > 

h«TM?'"rific  yaloeof  natural  is  increased  by  the  substitution  of  ethy- 
»»).  CJ,„  for  part  of  the  methane,  and 
B/P  1,)n  ,)f  ethane,  C..Hr,  the  values  of  those  gases  being  • 

»  and  r, T  ft  n'*Vv<  ['ni']y-  The  practical  ^valence  h‘^‘  ^Vially 
1  T'nik  therefore  upon  the  compos.tion  o  preeedmf 


th 


The  coal  which  was  cornel  tathjl^ 
°ns  is  approximately  the  composition  of  Pittsburg  a 
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ing  out  of  account  its  oxygon,  nitrogen  anil  sulphur  contents,  which  have  a 
slight  effect  on  the  calorific  power.  Natural  gas  is  commonly  burned  with, 
out  excess  of  air  and  combustion  is  nearly  complete.  Coal  is  burned  with 
a  large  excess  of  air  and  combustion  is  seldom  complete.  The  smaller  the 
excess  of  air  and  the  more  complete  the  combustion  the  greater  the  number 
of  cubic  feet  of  natural  gas  required  to  equal  a  ton  of  a  given  coal;  the 
greater  the  excess  of  air  and  the  less  complete  the  combustion  the  smaller 
the  number  of  cubic  feet  of  natural  gas  required.  The  largest  ratio  is  to 
be  expected  therefore  when  the  coal  is  converted  into  producer  gas,  with  the 
minimum  loss  of  initial  energy  and  the  producer  gas  is  burned  under  con¬ 
ditions  which  necessitate  only  a  slight  excess  of  air.  Comparisons  between 
natural  gas  and  coal  on  the  basis  of  their  theoretical  heating  powers  are 
of  little  value  unless  the  conditions  of  combustion  are  taken  into  account. 


A  comparison  between  natural  gas  and  other  kinds  of  coal  than  the  Pitts¬ 
burg  bituminous  can  be  made  on  the  basis  of  the  efficiency  of  the  latter. 
Assuming  that  1  lb.  of  Pittsburg  bituminous  coal  containing  1)0%  of  com¬ 
bustible,  8%  of  ash  and  'ir/o  moisture  has  a  theoretical  heating  value  of 
lo.oOU  B.  1.  I .,  and  that  a  pound  of  Western  bituminous  coal  containing 
<•>%  of  combustible,  15%  of  ash  and  10%  moisture  1ms  a  theoretical  value 
of  10,150  B.  1.1  .,  the  relative  theoretical  efficiency  of  the  two  coals  will  he 


in  the  same  ratio;  practically,  however,  because  of  the  difficulty  in  effecting 
so  complete  combustion  of  the  inferior  Western  coal  its  efficiency  will 
hi  found  considerably  lower,  and  it  is  probably  unsafe  to  reckon  a  ton  of 
flu*  bituminous  coal  of  Southern  Illinois  and  Kansas  as  being  equivalent  to 
more  than  two  thirds  of  a  ton  of  the  average  coal  of  Western  Pennsylvania 
and  West  Virginia,  comparing  run  of  mine  with  run  of  mine. 

I  se  in  hw'.i'.N l-.HA’i i\ ]'.  Pi  knacks. — The  high  calorific  power  of  natural 
gas  renders  it  possible  to  attain  very  high  temperatures  without  preheating 
cit  ht  the  gas  or  the  air.  1  f,  however,  economy  in  gas  be  an  important  con¬ 
sideration,  just,  as  much  advantage  is  to  be  derived  from  preheating  the  air 
as  m  the  case  of  producer  gas  firing.  This  can  he  done  by  the  employment 
of  the  Siemens  system  with  two  regenerative  chambers  (for  air  alone)  or 
any  of  the  counter-current  recuperative  systems.  With  proper  management 
even  the  ordinary  Siemens  system  with  four  regenerative  chambers,  two  for 

an  and  tuo  for  gas  may  he  employed,  the  dimensions  of  the  chambers  being 
moth  lieu  of  courso  to  corresiumtl  „  i,i-  ,  *  ,  i.;ni, 

^**i.  ponu  to  the  relative  volume  of  eas  ami  air,  whieii 

...  I  »•  .*.•  Of  'oil  i, nil  m  i.  Very  diff,TO,l  from  vvh„,  £  in  of 

pro.lmorBi's.  . . . . . 

of  soot  from  the  rbrnoctatim,  „f  tho  hydro,,, rhom,  wlSol.  fhokod 
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up  the  passages,  but  although  it  is  frequently  stated  that  natural  gas  can¬ 
not  be  used  in  connection  with  regenerative  furnaces,  because  of  the  rapidity 
with  which  the  checker-work  is  filled  up  with  such  carbon  deposits,  Mr. 
George  W.  Goetz  has  pointed  out  that  the  deposition  of  carbon  can  be  pre¬ 
vented  by  admitting  a  little  steam  with  the  gas  before  it  enters  the  checker- 


work.1 

To  let  carbon  deposited  in  the  checker-work  burn  out  when  reversing  the 
furnace  is  bad  practice.  Whether  a  gas  deposits  carbon  or  not  can  be  easily 
seen  by  having  an  observation  hole  (closed  by  glass)  for  the  checker-work. 
If  carbon  is  deposited,  the  moisture  necessary  to  remove  it  in  the  form  of 
water  gas  is  easily  determined;  thus  it  is  consumed  in  the  furnace  and  is 
not  wasted  to  the  chimney.  Care  must  be  taken,  of  course,  that  no  large 
excess  of  steam  is  given.  In  the  case  of  coal  there  are  few  grades  of  that 
fuel  which  do  not  give  more  moist  ure  to  the  gas  than  is  necessary. 

Prevention  of  Waste  in  the  Use  of  Natural  Gas. — In  burning  nat¬ 
ural  gas  economy  has  been  but  little  considered,  the  supply  at  Pittsburg 
(Pa.)  and  vicinity  having  become  largely  exhausted  before  it  was  realized 
that  the  end  was  in  sight,  while  a  similar  carelessness  was  displayed  in  Indi¬ 
ana  and  is  being  displayed  in  Kansas.  If  natural  gas  were  reallv  a  costless 
fuel,  of  which  the  supply  is  limitless,  as  it  has  been  too  general  ly  regarded, 
there  would  be  obviously  no  necessity  of  being  economical  in  its  ut>e,  the 
only  consideration  being  to  regulate  the  temperature  of  the  furnace  a*  de¬ 
sired-  If  on  the  other  hand  it  be  aimed  to  preserve  the  supply  of  gas  as 
long  as  possible  it  is  essential  to  attain  the  desired  temperature  with  the 
minimum  consumption  of  gas  and  avoid  all  unnecessary  waste.  Ibis  is 
unfortunately  lost  sight  of,  with  blindness  to  the  common  interest,  in  many 
districts  of  which  the  very  welfare  is  based  on  the  natural  gas  supply,  but  in 
the  Eastern  States  where  the  cheaper  gas  has  already  been  exhausted  and 
the  more  remote  fields  have  passed  into  the  hands  of  gas-selling  companies  a 
wiser  practice  has  liecome  possible. 

I  he  steps  toward  economy  in  the  use  of  natural  gas  which  have  >een 
taken  in  the  vicinity  of  Pittsburg,  Pa.,  have  been  in  the  direction  o  pro 
venting  waste,  by  stopping  leakages  in  the  lines,  and  by  selling  the  gas  y 
measurement  instead  of  by  the  orifice  basis,  thereby  compelling  the  consumer 
to  be  more  careful  and  economical.  According  to  F.  H.  Olipliant  it  is 
probable  that  by  virtue  of  such  economies  only  1  cu.  ft.  of  gas  is  now  eon 
sumed  to  accomplish  the  same  results  that  required  3  to  4  cm.  ft.  for 
several  years  after  the  use  of  natural  gas  w'as  first  introduced.  T  c  upp  1 
anccs  for  holding  back  the  gas  in  the  wells  when  it  is  not  required,  the 

1  Tranie  Am.  Inst.  Min.  Eng.  XXII.  <»-• 
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packing  of  the  lines  at  night,  when  the  consumption  is  lightest,  so  as  to 
meet  the  pull  in  the  daytime,  the  more  judicious  selection  of  the  position  of 
regulators  feeding  from  the  high  to  the  low  system,  the  proportioning  of  the 
sizes  of  the  low  pressure  lines  to  the  demand,  the  proper  location  of  drips, 
the  installation  of  the  gas  compressor  where  the  rock  pressure  in  the  wells 
is  no  longer  able  to  force  the  gas  through  the  original  pipe  line,  the  intro¬ 
duction  of  improved  joints  for  connecting  the  pipe  lines  and  a  more  thor¬ 
ough  stopping  of  all  leaks,  no  matter  how  small,  are  some  of  the  more 
recent  conditions  brought  about  by  the  decreased  volume  of  the  Eastern 
natural  gas  fields. 

Coal  Dust  Firing. 


The  combustion  of  coal  in  the  form  of  dust  has  recently,  attracted  consid¬ 
erable  attention  and  promises  to  become  of  importance  in  the  future.  For 
that  reason  it  may  be  appropriately  referred  to  briefly,  although  the  method 
has  not  yet  found  permanent  application  in  zinc  smelting  or  in  anv  other 
branch  of  metallurgy,  at  least  not  in  the  United  States.  The  idea  of  coal 
dust  firing  is  not  a  new  one,  powdered  fuel  having  been  used  in  the  Cromp¬ 
ton  rotary  puddling  furnace  at  the  Woolwich  Arsenal  in  England  in  1873,1 
and  for  heating  zinc  distillation  furnaces  by  Daehne  and  Hauzeur  at  an 
earlier  date.  The  modern  application  of  the  art  has  come  from  Germany, 
however,  where  experiments  made  in  1893  showed  that  pulverized  fuel  could 
be  burned  without  smoke  and  with  high  economy.  An  experiment  in  boiler 
tiling  by  this  method  made  in  New  York  about  three  years  ago  did  not 
pio\e  economically  successful,  although  there  was  no  smoke  and  presumably 
a  complete  combustion.3  Dust  firing  has  recently  been  applied  successfully 
in  the  United  States,  however,  in  the  rotary  kilns  used  in  the  manufacture 
of  cement. 


In  dust  firing  the  fuel  instead  of  being  introduced  into  the  fire  box  in 
the  ordinary  manner  is  first  reduced  to  a  powder  by  any  suitable  pulverising 
machine.  The  dust  is  blown  directly  into  the  combustion  chamber  of  tlic 
furnace  by  means  of  an  air  injector  similar  in  construction  to  those  used  in 
oil-burning  furnaces  or  by  means  of  a  rotary  wire  brush  (Schwartzkopff  svs- 
tcm).  In  either  ease  the  apparatus  which  throws  a  constant  stream  of  (lie 
fuel  into  the  chamber  ,s  so  located  that  it  will  scatter  the  powder  throughout 


1  Journal  of  the  Iron  and  Steel  Institute 
1873*  p.  01. 

2  Daohno’s  dust-fired  furnace  (Schtlttofen) 
was  tried  in  England  nnd  at  Letmathe  in 
Westphalia  but  did  not  prove  successful  as 
may  be  readily  understood,  the  coal-dust 
being  showered  over  the  retorts  (Berg.-  u 


inittenm.  Ztg.,  18G8,  p.  70(5).  Hauzcur's 
furnace  (patented  Dec.  2*  1871)  was  better 
» signed  and  Is  said  to  have  been  successful 
,  S|mln  <Kerl.  Grtmdrlss  der  Metalllnltten- 
Kunde,  p.  456). 

“William  Kent,  The  Mineral  Industry. 
'HI,  134. 
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the  whole  space.  A  furnace  is  put  into  operation  by  first  raising  its  lining 
to  a  high  temperature  by  means  of  an  open  fire,  after  which  the  introduction 
of  the  powder  is  begun,  and  having  been  once  ignited  by  the  heat  radiated 
from  the  walls  of  the  furnace,  the  combustion  continues  in  a  regular  man¬ 
ner  under  the  action  of  the  current  of  air  which  carries  in  the  dust.  Dust 
firing  therefore  is  analogous  in  principle  to  gas  firing,  its  advantage  over 
direct  firing  lying  in  the  intimate  mixture  which  is  effected  between  the 
very  finely  ground  particles  of  fuel  and  the  supply  of  air  which  can  be 
regulated  with  precision.  The  chief  objections  to  the  method  are  the  cost  of 
grinding  the  coal  and  the  high  degree  of  skill  required  for  the  management 
of  the  furnace  so  as  to  obtain  the  proper  proportions  of  air  and  coal.  It 


Fig.  23G. 


7// >777 


SCIIWARTZKOPFF  COAL  DUST  FIRING 


Device. 


would  appear,  however,  that  no  more  skill  would  be  required  in  this  method 
of  firing  than  in  gas  firing. 

According  to  the  A  merican  Manufacturer  ol  December  13,  1900  in 
to  obtain  the  best  results  from  dust  bring  the  coal  must  be  reduced  cheaply 
to  a  very  fine  powder  and  must  be  of  a  strictly  uniform  grade.  The  powder 
raised  with  air  must  be  carried  in  an  unbroken  stream  into  he  combustion 
chamber.  The  air  current  must  be  so  regulated  that  it  will  hold  the 
powder  in  suspension  within  the  furnace  until  complete  combustion  i 
effected.  A  sufficiently  high  temperature  must  he  continuously  maintamc 
in  the  furnace  to  insure  perfect  combustion  of  the  powder.  The  advanla  o. 
of  the  method  are  summarized  as  follows:  (1)  economical  and  complete 
combustion  of  the  fuel  in  a  manner  similar  to  gas  firing;  (2)  saving  in 
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labor;  (3)  adaptability  and  case  of  regulation  to  meet  any  requirements- 
(4)  decreased  wear  and  tear  of  furnaces;  (5)  saving  of  time  in  starting  up 
furnaces  and  rapid  stoppage  of  tiring  in  case  of  necessity;  (G)  intimate 
contact  of  the  fuel  with  air,  whereby  the  minimum  excess  over  the  theoretical 
volume  is  employed  and  waste  of  heat  is  thus  avoided. 

According  to  a  United  States  Consular  Report,  published  in  May,  1901, 
manj  experiments  have  been  made  recently  in  Germany  to  tire  furnaces  with 
coal  dust,  principally  with  apparatus  having  some  form  of  fan  blower  to 
introduce  the  fuel  into  the  furnace.  Xot  much  success  has  attended  the 
application  of  these  devices.  The  Schwartzkopff  apparatus  has,  however, 
met  with  favor,  owing  to  the  facility  it  affords  for  utilizing  slack  or  low 
grade  coal.  A  German  Imperial  Commission  appointed  to  test  smoke¬ 
consuming  appliances  made  trials  of  this  apparatus,  and  the  report  was 
favorable.  As  to  the  conditions  of  the  process,  a  highly  heated 
fire  chamber  is  necessary  for  the  ignition  of  the  coal  dust. 
Contact  with  the  boiler  walls  interferes  with  ignition,  so  that  in 
fitting  up  a  boiler  for  coal  dust  firing  a  fire  chamber  lined  with  refrac¬ 
tory  material  has  to  be  provided,  because  only  such  a  chamber  can  be 
kept  constantly  at  the  required  high  temperature.  This  is  most  easily  ac¬ 
complished  with  flue  boilers  when  the  flues  are  lined  for  a  length  of  from 
5  to  8  ft.  with  fireproof  material.  Metallurgical  firings  do  not  offer  any 
difficulty  to  the  arranging  of  the  fire  chamber,  because  the  whole  furnace 
possesses  the  high  temperature  required. 


IX. 

CHIMNEYS,  HEAT  RECUPERATION  AXD  FURNACE  DESIGN. 

The  general  principles  governing  the  methods  of  supplying  air  for  com¬ 
bustion,  furnace  design  and  the  recuperation  of  heat  from  the  waste  gases 
are  the  same  in  direct  firing,  gas  firing  and  dust  firing,  and  though  modi¬ 
fications  are  naturally  necessary  to  meet  the  particular  conditions  of  each 
case  those  subjects  are  best  considered  together. 

Chimneys. — The  functions  of  a  chimney  are  to  create  a  draught  which 
^ill  afford  the  necessary  supply  of  air  for  the  combustion  of  a  desired  quan¬ 
tity  of  coal,  and  to  disperse  the  products  of  combustion  in  such  a  way  that 
they  will  do  no  harm.  The  latter  function  is  performed  by  the  same  con¬ 
ditions  which  are  required  to  effect  the  former.  The  draught  producing 
power  of  a  chimney  is  based  upon  the  effect  of  gravity  in  establishing  an 
equilibrium  between  the  column  of  hot  and  correspondingly  light  gas  en¬ 
closed  within  its  shaft,  and  a  column  of  the  same  height  of  the  colder  and 
heavier  external  air.  Obviously  therefore  the  factors  which  determine  the 
force  of  draught  produced  by  a  chimney  are:  (1)  the  acceleration  due  to 
gravity;  (2)  the  difference  in  temperature  between  the  hot  gas  and  the 
external  air;  and  (3)  the  height  of  the  chimney. 

Theoretical  Velocity. — The  relative  effect  of  the  several  factors  is  shown 
ln  the  following  formula,  which  gives  the  theoretical  mean  velocity  in  feet 
per  second  of  the  air  entering  the  chimney,  neglecting  the  loss  due  to  con¬ 
traction  at  the  entrance: 


m  which 


v  =  v  2gh(i_±:,) 


V=velocity  in  feet  per  second. 
g==aceeleration  due  to  gravity=32. 
h=height  of  chimney  in  feet. 
t'=absolute  temperature  of  external  air. 

^=absolute  temperature  of  the  hot  gas. 

The  expression  y/2  gh=8\/E  If  the  units  of  and  seconds  be 

used,  g—  9.8  and  2g=19-6. 
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Substituting  the  value  of  8=\/2g  in  the  first  equation,  we  have: 

Y  =  8V'h(l-t'x 

From  the  above  equation  it  is  evident  that  the  theoretical  mean  velocity 
of  the  air  entering  the  chimney  varies  as  the  square  root  of  the  height  of 
the  latter. 

The  velocity  of  the  hot  gases  is  further  proportional  to  their  volumes  and 
to  their  absolute  temperatures,  wherefore  the  theoretical  speed  in  the  chim¬ 
ney  is  expressed  by  the  formula1 : 


Y'  =  V  *1'  =  8  Vh  (  1  —  i:  Y 

t'  t'  v  t"  / 

Another  formula  is  expressed  as  follows : 


V=  V:  gha  (T*  -  T 
1-faT 


in  which  a  is  the  coefficient  of  expansion  of  gases  (0*002035  per  degree  F.) 
and  T'  and  T  are  respectively  the  temperatures  of  the  gas  inside  the  chim¬ 
ney  and  the  external  air,  the  other  references  being  as  before.  This  for¬ 
mula  gives  somewhat  different  results  from  the  preceding. 

Practically  the  theoretical  velocity  can  never  be  attained  in  a  chimney. 
The  shape  of  the  shaft,  whether  circular  or  rectangular,  tapering  or  uniform 
in  cross-section,  the  condition  of  the  brick  work  (tight  or  leakv),  the  char¬ 
acter  of  the  interior  surface  (causing  more  or  less  friction),  the  condition 
of  the  atmosphere  and  many  other  uncertain  circumstances  combine  to 
affect  the  draught.  In  the  case  of  direct  firing  the  direction  from  which 
the  wind  blows  has  a  very  decided  effect  upon  the  draughty  if  it  blows 


1  This  formula,  which  is  given  by  F.  E. 
Idell  in  an  essay  on  the  Theory  of  Chimney 
Draughts  (published  as  an  appendix  to 
Armstrong’s  Chimneys  for  Furnaces  and 
Steam  Boilers),  is  derived  as  follows: 
Assuming  a  chimney  of  1  sq.  ft.  area,  of  h 
height,  the  difference  in  weight  in  pounds 
of  the  column  of  hot  air  and  a  correspond¬ 
ing  column  of  air  at  atmospheric  tempera¬ 
ture  is 

d=h(w  —  w') 

in  which,  w  Is  the  weight  in  pounds  of  a 
cubic  foot  of  the  external  air  and  w*  that  of 
a  cubic  foot  of  the  hot  gas.  The  height,  or 
head.  In  feet  of  the  column  of  external  air 
producing  this  pressure  by  its  own  weight 
is  found  by  dividing  the  difference  in 
weights  by  the  weight  of  a  cubic  foot  of 
air,  thus 

u,  _ _  h(w-V)  =  h  /  w,  \ 

W  w  \  w  / 


The  densities  or  weights  of  the  air  and 
hot  gas,  under  the  same  pressure,  being  in¬ 
versely  proportional  to  their  absolute  teni 
peratures,  w'  :  w  : :  t'  :  t",  in  which  t'  *s 
the  absolute  temperature  of  the  external  air 
and  t"  that  of  the  hot  gases. 

h-  „(»  —  ?)  —  h('-T-) 

The  theoretical  mean  velocity  in  feet  I,cr 
second  of  the  air  entering  the  chimney  will 
correspond  therefore  to 

V  =  y  a  gu'  =  8<y/ir  =  8  V  li  (l  —  I  ) 

The  absolute  zero  Is  4ri9-2°  below  the 
zero  of  the  Fahrenheit  scale  and  273°  below 
that  of  the  centigrade  scale.  Absolute  tem¬ 
peratures  are  computed,  tnerefore,  by  add 
log  those  figures  respectivelv  to  the  direct 
readings  of  the  Fahrenheit  and  centigrade 

thermometers. 
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strongly  into  the  ash  pit  Hie  draught  may  be  increased;  if  it  blows  in  the 
opposite  direction  the  draught  may  be  lessened.  The  resistance  offered  to 
the  passage  of  air  through  the  grate  and  fuel,  the  length,  section  and 
changes  in  direction  of  the  flues  are  all  important  considerations.1 

Coefficient  of  Retardation. — The  e fleet  of  the  varying  factors  which  tend 
to  diminish  the  draught  of  a  chimney  must  be  summarized  and  introduced 
into  the  equation  representing  the  velocity  of  the  hot  gases  in  the  form  of  a 
coefficient,  c.  That  coefficient  is  necessarily  so  variable  that  great  judgment 
must  be  employed  in  selecting  the  value  to  suit  a  particular  case.  Because 
of  this  uncertainty  it  is  a  common  practice  among  metallurgists  to  rely  solely 
upon  the  results  of  previous  experience  and  waste  no  time  upon  chimney 
.calculations.  However  this  is  apt  to  result  in  furnace  installations  which 
will  not  afford  the  maximum  economy  in  fuel  and  there  is  no  doubt  that 
the  theoretical  principles  can  be  advantageously  given  a  greater  applica¬ 
tion;  what  is  needed  is  more  data  as  to  the  relation  between  the  theoretical 
draught  of  chimneys  and  the  practical  results  under  many  different  condi¬ 
tions. 

F.  E.  Idell  in  the  appendix  to  Armstrong’s  essay  on  Chimneys  for  Fur¬ 
naces  and  Steam  Boilers2  states  that  data  collected  from  existing  chimneys 
(in  direct  firing  practice)  point  to  a  value  of  the  coefficient  of  friction, 
etc.,  between  0-1  and  0-255,  in  his  calculations  he  assumes  0-2  for  ordinary 
practice.  Dr.  IT re  determined  the  actual  velocity  of  the  hot  gases  in  an  iron 
chimney  of  5  in.  diameter  and  45  ft.  height,  leading  directly  from  a  stove 
burning  charcoal,  to  be  between  0-2  and  0-167  of  the  theoretical.  With  re¬ 
spect  to  the  value  of  this  coefficient  a  distinction  must  be  made  always  as  to 
whether  it  is  to  be  applied  to  the  entire  firing  installation  or  only  to  the 
chimney  itself.  The  values  given  above  refer  obviously  to  the  former  case. 
l'°r  the  chimney  alone  Peclet,  upon  whose  investigations  most  of  our  ideas 
as  to  chimney  draught  are  based,  considered  that  the  value  of  c  would  be 
between  0-38  and  0-85.  Giesker  makes  c=0-33.  Toldt  uses  the  value  0-33 
m  bis  calculations,  i.e.,  for  the  actual  draught  of  the  chimney  alone,  but  for 
the  draught  in  regenerative  (Siemens)  gas  firing  systems  (worked  only  by 
chimney  draught)  he  reckons  only  one  sixth  as  much,  thus  making  c=0-055, 
and  prepared  his  elaboration  of  tbe  Prcchtl  table  on  that  basis.  The  effect 
°f  long  flues  in  diminishing  the  draught  of  a  chimney  is  remarked  also  by 


1  In  a  chimney  50  ft.  high,  with  a  tem¬ 
perature  of  17°  C.  for  the  external  air  and 
20()°  C.  for  the  hot  gases,  the  absolute  tem¬ 
peratures  being  200°  and  573°  respectively, 
the  theoretical  velocity  In  feet  per  second 
wouid  be  according  to  the  first  formula 


V"—  8553^50  (1  —  ira)“78*5  ft. 

If  the  coefficient  of  retardation  be  as¬ 
sumed  0*2  the  actual  velocity  will  be  15-7  ft. 

*  Third  American  Edition,  1894.  published 
by  D.  Van  Nostrand  &  Co.,  New  York. 
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Win.  Kent,  who  found  that  in  the  case  of  a  battery  of  boilers  connected  to 
chimney  150  ft.  high  there  was  a  draught  equivalent  to  0-75  in.  of  water  at 
the  boiler  nearest  the  chimney  and  only  0-25  in.  at  the  boiler  furthest  away 
the  first  boiler  was  wasting  fuel  from  too  high  temperature  of  the  chimney 
gases,  having  too  large  a  grate  surface  for  the  draught,  and  the  last  boiler 
was  working  below  its  rated  capacity,  and  with  poor  economy,  on  account 
of  insufficient  draught.1  Determinations  of  the  diminution  of  draught  in 
roasting  furnace  flues  are  reported  by  Doctor  M.  W.  lies.2 

Geo.  A.  Davis  reports  determinations  of  the  actual  velocity  in  1G  chim¬ 
neys  ol  various  dimensions  and  operating  conditions  in  Great  Britain  and 
compares  the  results  with  the  theoretical  calculations.3  Unfortunately  he 
does  not  give  the  needful  data  for  a  close  analysis.  Many  of  the  examples 
cited  show  extremely  low  velocities,  indicating  retardation  in  the  flues  or 
urnaces  rather  than  in  the  chimney  itself.  However,  out  of  the  1G  chim¬ 
neys  10  show  velocities  upward  of  0-1  of  the  calculated  and  five  show  0-2 
or  more.  One  example  is  very  instructive.  This  was  a  chimney  3X3  ft.  in 
ion  an  100  ft.  high.  Long,  narrow  flues  ran  into  this  chimney  from 
cun  por  ion  o  the  works,  new  plant  being  added,  from  time  to  time,  until 
i  was  manifest  that  no  more  air  would  enter  at  the  furnace  ends.  There 
is  no  record  of  what  the  velocity  in  the  chimney  was  at  this  time.  A  new 
chimney  having  been  decided  upon,  together  with  a  main  flue  5X4  ft.,  into 

7,  fU;  short,ened  narr°wer  flues  were  to  be  collected,  the  new  flue  (being 
0111])  c  <(  in  a<  \anoe  of  the  new  chimney)  wras  connected  with  the  old  one, 

\ft<r  n"U<  '  n“Pro'G  taught  that  the  new  chimney  was  unnecessary. 
tSZ  f  W  and  0  d  chimney  had  been  in  working  order  for  several 
51G°  F  nnVtlV  T™?6?  that  the  temperature  of  the  escaping  gases  was 
55%  of  the  lb'6  001 ,  '  ln  *he  chimney  41  ft.  per  second,  which  was  nearly 
In  modern  rfl  38  by  «*°*d  formula  given  above. 

whrn  the  p“s  bi°™  1th 

than  in  nlants  wlur  ■  +i  ’  ie  Proportioning  of  the  chimney  is  simpler 

*  - 

Which  is  completely  under  control  “  fuiJudied  Positively  and  in  a  manner 
the  chimney.  The  air  for  11  .  '  therefore  that  function  is  removed  from 
tageously  blown  into  the  turn. 10  Se?°ndary  ooml>ustion  may  also  be  advan- 

chambers,  and  this  practice  i7ir'  f?lrectly  or  through  the  recuperative 
is  required  to  do  is  to  remove  th  1?|lK“nt|y  adoPted-  All  that  the  chimney 

1  urn<?d  gases  from  the  combustion  chain- 

1  Mechanical  Engineer's  Pnnb^  r>  , 

<di«on- /•  •  fir8t  “Handbook  of  Chemical  Engineering,  ft 

Lead  Smelting,  p.  i51  et  82. 
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ber.  The  excess  of  air  required  for  the  combustion  being  also  much  smaller, 
the  volume  of  the  gas  to  be  discharged  is  known  more  definitely.  Calcula¬ 
tion  of  the  actual  velocity  which  will  be  realized  is  consequently  simplified, 
the  value  of  the  coefficient,  c,  having  to  be  assumed  in  correspondence  only 
with  the  friction  in  the  chimney  and  the  flues  leading  thereto. 

Quantity  of  Gas  Discharged. — The  quantity  of  gas  that  a  chimney  will 
discharge  is  represented  by  the  formula : 

in  which 

Q  =  cubic  feet  discharged  per  second. 

A  =  area  of  top  of  chimney  in  square  feet. 

^  =  velocity  in  feet  per  second. 

In  all  these  calculations  it  must  be  borne  in  mind  that  the  volume  of 
hot  gases  increases  in  the  direct  ratio  of  the  absolute  temperatures.  It 
should  be  noted  that  in  the  above  formula  A*  is  the  actual  velocity  realized 
tn  the  chimney  and  not  the  theoretical  velocity  due  to  gravity. 

Iselessness  of  Very  High  Chimneys. — It  will  be  observed  from  the  for¬ 
mula?  representing  the  theoretical  draught  of  a  chimney  that  the  velocity  of 
flow  varies  as  the  square  root  of  the  height  of  the  chimney,  wherefore  in 
order  to  double  the  velocity  it  is  necessary  to  quadruple  the  height.  Prac¬ 
tically,  however,  the  friction  increases  so  much  with  the  height  that  it  would 
he  necessary  to  do  more  than  quadruple  the  latter  in  order  to  double  the 
draught  in  that  manner.  Chimneys  above  150  ft.  in  height  are  very  costly 
and  their  increased  cost  is  rarely  justified  by  the  increased  efficiency.  Very 
fall  chimneys  have  been  characterized  by  one  writer  as  “monuments  to  the 
foll-v  of  their  builders.” 

High  Temperature  of  Gas  Unnecessary. — Similarly  it  will  be  observed 
from  the  formulae  that  although  the  temperature  of  the  products  of  com¬ 
bustion  delivered  to  a  chimney  are  a  factor  in  determining  the  draught  of 
the  latter  there  is  but  little  to  be  gained  from  an  increase,  entirely  apart 
from  the  loss  of  heat  that  may  be  experienced,  while  beyond  a  certain  point 
there  is  an  actual  reduction  of  discharge.  Toldt  points  out1  that  if  it  were 
to  be  accepted  that  t"  might  increase  to  infinity,  such  would  not  be  the 
the  discharge  because  the  density  of  the  gas  decreases  as  t  in¬ 
creases.  The  expression  a/  t<r-*  in  which  a  is  the  coefficient  of  expansion 
r)_  air«  has  therefore  a  maximum  value  which  may  be  deteiTnincd  by’  differen¬ 
tiation  with  reference  to  t'=0  as  follows : 

1  +  at"  =  2a  (t"  -  f)  and  t"  =2t'  +  i* 
a  =  0003665  [  =  273. 

Tf  ^=0*0..  t"  =  273°C. 

1  Regenerativ-Gasofen.  p.  212. 
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Computing  the  value  of  for  different  temperatures  the  follow¬ 

ing  results  are  obtained : 

100°  C  =  212°  F  =  7  40  =  s/t^T' 


200 

273 

300 

4C0 

500 

QC 

0 


:  3J2 
523-4 
572 
752 
932 
00 


=  8*10 
=  8  255 
=  8  251 
=  8*110 
=  7*89 
=  0 
=  0 


1-4- at' 

it 

tt 

it 

it 

a 


1  rom  this  it  appears  that  the  draught  of  a  chimney  is  already  active  at 
100°  C.  (212°  F.)  difference  between  the  internal  and  external  tempera¬ 
tures;  that  its  maximum  is  attained  at  273°  C.  (523-4°  F.),  and  that  there 
is  no  significant  increase  over  200°  C.  (392°  F.). 

Expressing  the  results  of  the  above  analysis  in  different  words,  the  action 
of  a  chimney  does  not  depend  so  much  on  the  velocity  produced  as  on  the 
weight  of  the  products  of  combustion  discharged.  The  higher  the  tempera¬ 
ture  the  products  of  combustion  entering  the  chimney  the  greater  is  their 
xolume  and  with  equal  velocity  the  less  weight  of  gas  will  actually  pass 
t  irough  the  same  chimney.  The  velocity  it  is  true  will  increase  with  the 
difference  between  the  internal  and  external  temperatures,  but  only  in  pro¬ 
portion  to  the  square  loots,  while  the  relative  weight  of  the  gases  decreases 
m  direct  proportion  to  the  temperatures  by  1/273  of  the  original  volume 
or  each  degree  on  the  centigrade  scale.  There  must  therefore  be  a  limit 
w  icre  the  action  of  the  chimney  reaches  its  maximum,  which,  as  Toldt  has 
calculated,  is  attained  when  the  difference  of  temperature  amounts  to  273° 

.,  or  in  other  words  when  the  external  air  is  at  the  mean  temperature  and 
the  chimney  gases  are  at  300°  C. 

the  theori  *^erofore  as  safe  guides  in  chimney  design,  based  on 

than  100  to“l£V  p1'8’  ^  height  of  a  c,limney  should  not  be  more 
thm  150  ft  nnl  ^aPProximatcly  30  to  40  m.)  and  certainly  not  more 
i  ft.  unless  it  be  necessary  to  disperse  noxious  vapor  very  high  in 

^  an;  Uheo  mean  ^P-ture  of  the  gas  in  the  chimney 

5?  (392°  *>'  WhilG  --Vthing  in  excess  of 

sometimes^measuredJiy^nch  )P<Tr-~The  (lrauSht  power  of  a  chimney  is 

'  »  •  -  ^  by  mchos  of  wa*or.  This  may  be  computed  from  the 


following  formula: 


in  which 


(1  =  h  f-6i  _  ?-95\ 

v  t'  if/  ) 
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d  =  draught  in  inches  of  water. 

h  =  heiglit  of  chimney  in  feet. 

t'  =  absolute  temperature  of  the  external  air. 

t"=  absolute  temperature  of  the  chimney  gas. 

This  formula  refers  to  temperatures  expressed  on  the  Fahrenheit  scale. 

The  design-  and  construction  of  large  chimneys ,  involving  questions  of 
foundation  and  stability,  is  too  big  a  subject  to  be  discussed  in  a  treatise  of 
this  character.  It  will  suffice  to  remark  that  the  cost  increases  greatly  with 
the  height;  that  self-supporting  steel  chimneys  lined  with  brick  are  cheaper 
than  ordinary  brick  chimneys,  and  that  the  Custodis  method  of  construction 
with  large  radial  brick  is  claimed  to  be  the  cheapest  of  all.  The  great 
chimney  of  the  Orford  Copper  Co.,  at  Constable  Hook,  N.  J.,  erected  in 
1900,  is  of  the  last  type  of  construction;  this  chimney  is  about  350  ft. 
high,  and  is  exceeded  in  height  by  only  one  or  two  others  in  the  Lnited 
States. 

Practical  Data. — The  velocity  of  the  gas  rising  through  a  chimney  is 
generally  between  10  and  23  ft.  (3  to  7  m.)  per  second.  According  to 
Gruner,  the  maximum  for  temperatures  between  200  and  300°  C.  is  5  ra. 
(16*5  ft.)  when  there  is  no  excessive  friction,  but  is  only  3  to  4  m.  (10  to 
1-3  ft.)  when  long  Hues  of  small  cross-section  have  to  be  traversed.  At  higher 
temperatures  the  velocity  may  attain  10  m.  (33  ft.).  According  to  Toldt,1 
the  practical  velocity  lies  between  3  to  7  m.  (10  to  23  ft.)  and  seldom 
exceeds  the  latter  limit.  The  chimneys  examined  by  Davis,  previously 
referred  to,  showed  velocities  of  1-4  to  41  ft.,  the  latter  being  observed  in 
the  chimney  100  ft.  high,  of  which  the  experience  was  noted. 

The  volume  of  the  gas  that  passes  through  a  chimney  is  influenced  by 
the  sectional  area  of  the  latter  and  the  velocity  of  the  gas.  The  sectional 
area  of  a  chimney  remaining  the  same,  its  height  must  be  increased  accord¬ 
ing  to  the  rapidity  of  the  combustion  that  it  is  desired  to  effect,  the  char¬ 
acter  of  the  fuel  and  its  thickness  on  the  grate,  the  resistance  to  which  the 
current  of  gas  is  subjected  in  passing  from  the  grate  to  the  chimney,  and 
somewhat  in  inverse  ratio  to  the  temperature  of  the  gas  up  to  the  limit  of 
about  300°  C.  According  to  W.  C.  Roberts- Austen,  2  with  furnaces  in  which 
the  combustion  is  not  rapid  and  in  which  there  is  but  slight  frictional  re¬ 
sistance,  as  in  those  from  which  the  gases  pass  directly  into  the  chimney,  the 
height  of  tin*  latter  need  not  exceed  33  ft.  t  furnaces  in  which  combustion 
is  rapid  require  a  chimney  at  least  50  ft.  high,  when  they  discharge  directly 
into  the  latter.  Other  authorities  lay  down  the  rule  that  no  chimney 
should  be  less  than  52  ft.  (16  m.)  in  height.  Long  reverberatory  roasting 

1  Rogeneratlv-Oasofen,  p.  221. 

a  Introduction  to  the  Study  of  Metallurgy,  fourth  edition,  p.  317. 
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furnaces  (Fortschaufelungsofen)  should  have  a  chimney  65  ft.  high,  when 
the  latter  i6  directly  connected  with  the  furnace  or  only  a  short  flue  inter¬ 
venes.  For  steam  boilers  chimneys  should  be  65  to  ft.  high  because  of 
the  greater  cooling  of  their  gases  and  the  increased  frictional  resistance. 
If  the  flues  leading  to  the  chimney  are  long  and  especially  if  they  are  nar¬ 
row  and  crooked  the  height  must  be  increased  up  to  perhaps  130  ft. 

When  a  chimney  is  entered  by  more  than  one  flue  it  is  essential  that  the 
various  currents  of  gas  should  pass  into  the  shaft  in  parallel  directions,  so 
as  to  prevent  suction  being  checked  by  the  impact  on  each  other  of  converg¬ 
ing  streams  of  gas.  It  is  customary  therefore  where  two  flues  enter  a 
chimney  to  divide  the  latter  by  a  vertical  wall  sufficiently  high  to  turn  the 
two  currents  upward  before  they  unite.  For  some  unexplained  reason  a 
flue  should  not  enter  a  chimney  at  its  very  base,  but  at  least  three  or  four 
feet  above  the  latter  so  as  to  leave  an  air  cushion  below  the  entering  stream 
of  gas.  When  a  chimney  draws  gas  from  a  series  of  furnaces  of  which  any 
one  is  likely  to  be  out  of  operation  at  some  time,  there  should  be  means  to 
cut  off  each  one  completely  so  that  cold  air  will  not  be  drawn  in  through  it  ; 
hence  every  branch  flue  should  be  provided  with  a  tightly  closing  damper. 

Belation  between  Chimney  Section  and  Grate  Area. — The  bed,  of  coal 
resting  upon  the  grate  of  a  fireplace  naturally  impedes  the  passage  of  air  due 
to  the  suction  of  a  chimney,  and  it  is  obvious  that  there  must  be  a  relation 
between  the  chimney  section  and  the  grate  area,  or  what  is  the  same  thing, 
the  “free  area”  between  the  pieces  of  fuel.  Upon  this  relation,  in  fact,  a 
good  deal  depends  in  the  practical  combustion  of  coal.  The  smaller  is  the 
free  area  the  quicker  is  the  motion  of  air  through  it  and  the  more  perfect 
the  combustion,  provided  that  the  reduction  in  suction  is  due  to  a  diminution 
of  the  grate  area  and  not  to  clogging  of  the  fuel,  which  bv  increasing  the 
friction  at  once  diminishes  the  action  of  the  chimney,  since  the  volume  of 
air  supplied  is  necessarily  lessened.  For  this  reason  small  grates  give  raphl 
combustion  and  large  grates  slow  combustion  with  the  same  chimney.  Rapid 
combustion,  which  is  necessarily  attended  with  an  excessive  supply  of  air, 
promotes  the  production  of  carbon  dioxide,  while  slow  combustion,  empl°.'' 
ing  a  deficient  supply  of  air.  favors  the  production  of  carbon  monoxide.  *^s 
a  rule  therefore  for  the  production  of  high  temperatures  rapid  combustion 
on  a  small  grate  is  preferable  to  slow  combustion  on  a  large  grate.  The  tmu 
perature  that  will  be  attained  in  the  laboratory  of  the  furnace  will  depend 
upon  the  relation  between  the  size  of  the  latter  and  the  grate  area.  Thus,  a? 
Oruner  expresses  it,  for  a  given  fuel  burned  in  a  certain  way,  the  heat  de¬ 
veloped  will  be  simply  proportionate  to  the  weight  of  the  fuel  burned,  wild'" 
the  temperature  will  depend  on  the  rapidity  of  combustion,  i.e.,  on  the  ratio 
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between  the  volume  of  the  zone  of  combustion  and  the  weight  of  fuel  per 
hour;  the  smaller  this  ratio  the  higher  will  be  the  temperature. 

In  determining  the  proper  size  of  grate  for  metallurgical  furnaces,  a  good 
deal  depends  upon  the  character  of  the  coal.  With  poor  coal,  more  pounds 
must  be  burned  to  develop  the  same  quantity  of  heat  than  with  good  coal, 
while  moreover  the  greater  quantity  of  ash  and  clinker  from  the  poor  coal 
tends  to  clog  the  grate  and  diminish  the  free  spaces  through  which  the  air 
may  pass.  Therefore  a  proportionately  larger  grate  area  should  be  pro¬ 
vided  for  poor  coal  than  for  good  coal,  and  the  ratio  between  the  chimney 
and  the  grate  should  be  smaller.  The  thickness  of  the  bed  of  fuel  is  also  an 
important  consideration.  The  more  caking  the  coal,  the  less  of  it  can  be 
burned  on  a  given  grate  area ;  “of  very  caking  coals  not  more  than  12  to 
14  lb.  per  sq.  ft.  should  be  burned  per  hour ;  if  less  caking  from  14  to  16 
lb.;  and  if  non-bituminous,  from  10  to  20  lb.  may  be  used.  1  Rankine 
gives  the  rate  of  combustion  on  certain  grates  as  follows:  Slowest  rate  of 
combustion  in  Cornish  boilers,  4  lb.  per  sq.  ft.  per  hour;  ordinary  rate  in 
such  boilers,  10  lb.;  ordinary  rate  in  factory  boilers,  12  to  16  lb.;  ordinary 
rate  in  marine  boilers,  16  to  24  lb. ;  quickest  rate  of  combustion,  the  supply 
of  air  coming  through  the  grate  only,  20  to  23  lb. ;  quickest  rate  of  com¬ 
plete  combustion  of  caking  coal,  with  air  holes  above  the  fuel  to  the  extent  of 
one  thirtieth  of  the  grate  area,  34  to  37  lb.;  locomotives,  40  to  120  lb. 
Bruner  gives:  Furnaces  for  roasting  sulphides,  3  to  8  lb. ;  fires  for  station¬ 
ary  boilers,  8  to  20  lb. ;  reverberatory  furnaces  for  smelting  lead,  12  to  16 
lb.;  furnaces  for  copper  smelting,  15  to  30  lb.;  puddling  furnaces,  20  to 
30  lb.;  steel  melting  furnaces,  41  to  81  lb.;  locomotives,  81  to 
^02  lb.  Howe  states2  that  in  reverberatory  copper  smelting  fur- 
Baces  the  consumption  of  coal  sometimes  falls  as  low  as  16  lb.  per  sq.  ft. 
°f  grate  per  hour,  and  sometimes  rises  to  36  lb.,  but  about  25  lb.  appears 
to  be  the  best  practice.  In  blende  roasting  with  good  coal  a  com¬ 
bustion  of  5  to  7-5  lb.  per  sq.  ft.  of  grate  per  hour  appears  to  be  required, 
but  under  unfavorable  conditions  10  or  12  lb.  may  be  necessary.  In  direct 
fired  distillation  furnaces  the  rate  appears  to  be  generally  25  to  40  lb.  per 
hour,  but  with  poor  coal  and  imperfect  combustion  it  may  run  as  high  as 
bO  lb.  per  hour. 

In  the  case  of  the  moderately  low  chimneys,  o0  to  60  ft.  in  height,  which 
are  directly  connected  with  metallurgical  furnaces,  the  sectional  area  should 
be  proportioned  to  the  quantity  of  coal  that  is  to  be  burned.  According  to 
Howe,*  chimneys  in  general  should  be  provided  with  not  less  than  1  sq.  ft. 

-Sexton,  Fuel  and  Refractory  Materials,  p.  215.  > Copper  Smelting,  p.  2f>. 

*  Op.  cit.  p.  35. 
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of  section  per  125  lb.  of  coal  to  be  burned  per  hour,  while  in  some  cases  the 
ratio  should  be  as  small  as  1  sq.  ft.  to  75  lb.,  and  in  extreme  cases  (as  for 
example  where  the  chimney  is  likely  to  be  choked  by  accretions)  even  as  low 
as  1  sq.  ft.  to  50  lb.;  for  copper  smelting  furnaces  the  ratio  should  not 
greatly  exceed  1  sq.  ft.  to  75  lb.  At  25  lb.  per  sq.  ft.  of  grate  per  hour, 
this  would  correspond  to  a  ratio  of  1 : 3  between  chimney  and  grate.  At 
Argo,  Colo.,  the  ratio  between  chimney  and  grate  in  the  furnaces  of  1878 
was  1 : 2-98,  the  consumption  of  coal  being  18*5  lb.  per  sq.  ft.  of  grate  per 
hour;  in  1894  the  ratio  was  1:2-03  and  the  rate  of  combustion  34-G  lb.1 
Direct  fired  zinc  distillation  furnaces  are  generally  provided  with  chimneys 
of  one  fourth  to  one  half  the  grate  area.  In  general  the  ratio  between  chim¬ 
ney  and  grate  in  metallurgical  furnaces  is  between  1:2  and  1:5.  Reiche 
gives  1 : 4  as  the  minimum  for  a  chimney  when  stone  coal  is  burned,  and 
1 :  G  in  the  case  of  brown  coal.2  In  the  case  of  steam  boilers,  where  the  rate 
of  combustion  is  lower,  ratios  of  1 :  G  to  1 :  8  are  common.  The  still  lower 
rate  in  roasting  furnaces  would  imply  the  possibility  of  a  proportionately 
smaller  chimney,  but  in  this  case  allowance  has  to  be  made  for  the  reduction 
of  the  draught  through  the  fireplace  by  the  frequent  opening  of  the  working 
doors  in  the  sides  of  the  furnace,  admitting  a  great  volume  of  excess  air.3 
Peters  prescribes4  a  chimney  3-5X3-5X65  ft.  for  two  reverberatory  fur¬ 
naces,  16X64  ft.,  each  having  a  grate  2X6-25  ft.,  which  gives  a  ratio  of 
about  1 : 4  between  chimney  and  grate,  the  latter  burning  about  6-4  lb.  of 
slack  coal  per  sq.  ft.  per  hour. 


Mix  hanical  Draught.  The  tendency  in  the  most  advanced  steam  boiler 
practice  is  already  strongly  pronounced  in  favor  of  creating  the  necessary 
draught  for  the  combustion  of  the  coal  by  mechanical  means  instead  of  by  a 
chimney,  and  it  is  probable  that  before  the  passage  of  nianv  decades  the  tall 
chimneys  of  the  present  day  will  remain  only  as  the  monuments  of  an  anti- 
quatcc  pi  act  ice.  The  ad\antages  of  mechanical  draught  are  numerous.  The 
draught  power  that  is  easily  obtainable  is  far  in  excess  of  what  can  be  got 
economically  from  chimneys.  It  permits  the  interposition  of  “fuel  econo¬ 
misers  or  heat  recuperators  to  an  extent  that  would  not  be  possible  with  the 
comparatively  feeble  draught  of  the  most  powerful  chimney  heeanse  of  the 
obstruction  thereto  which  they  would  present.  The  air  supply  for  the  coal 

15).  According  to  this  rule,  the  ratio  of 
chimney  to  grate  for  rates  of  combustion  o 
15,  25  and  30  lb.  per  sq.  ft.  per  hour  would 
he  respectively  1:4,  1:2-4  and  1:2.  It  will 
he  observed,  however,  that  these  fi£ureS 
correspond  to  a  very  moderate  velocity. 

5  Vide  p.  50. 

‘Op.  clt.,  p.  188. 


1  Peters,  Modern  Copper  Smelting,  p  445 
1  r  .ofsssor  n.  B.  Gale  gives  the  rule  that 
the  sectional  area  of  the  chimney  in  square 
feet  should  be  equal  to  the  number  of 
pounds  of  fuel  to  be  burned  per  minute,  this 
corresponding  to  a  velocity  of  7  to  U  ft 
per  second  for  the  chimney  gases  (W  w" 
Christie,  Chimney  Design  and  Theory,  p 
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and  the  rate  of  travel  aiul  escape  of  the  hot  products  of  combustion  are 
completely  under  control,  wherefore  more  economical  combustion  can  be 
effected.  The  capacity  of  the  plant  is  elastic,  i.e.,  it  is  capable  of  a  con¬ 
siderable  range  of  variation,  permitting  the  addition  or  subtraction  of  grate 
area  without  affecting  the  ultimate  efficiency,  while  on  the  other  hand  the 
capacity  of  a  plant  operated  by  a  chimney  is  rigid,  that  is,  there  is  a  limit 
to  the  quantity  of  coal  which  can  be  burned,  the  necessity  for  burning  an 
additional  quantity  involving  the  erection  of  another  chimney.  In  operation 
the  mechanical  draught  system  is  also  the  cheaper,  inasmuch  as  the  power 
expended,  measured  in  heat  units  necessary  to  produce  the  same  results, 
may  under  ordinary  conditions  be  only  about  1/75  of  that  necessary  with  a 
chimney,  providing  there  be  a  proper  system  of  heat  recuperation.  Finally 
the  first  cost  of  the  plant  is  less. 

The  most  approved  system  of  mechanical  draught  is  the  use  of  large  ex¬ 
haust  fans  which  draw  the  products  of  combustion  through  a  heat  economizer 
and  discharge  them  through  a  steel  chimney  of  sufficient  height  to  disperse 
them  in  such  a  way  that  they  will  not  be  a  nuisance. 

In  metallurgy  mechanical  draught  has  been  employed  in  lead  smelting  for 
the  operation  of  furnaces  of  which  the  products  of  combustion  contain  me¬ 
tallic  fume  which  it  is  profitable  to  recover  by  filtering  through  cotton  or 
woolen  bags,  the  gases  having  previously  been  cooled  by  radiation  of  their 
heat  in  the  passage  through  long  sheet  iron  flues  below  the  point  wrhere 
there  is  danger  of  igniting  the  bags.  In  the  metallurgy  of  zinc  mechanical 
draught  is  employed  as  an  essential  feature  in  the  production  of  zinc  white 
direct  from  ores  and  there  are  other  classes  of  furnaces  in  connection  with 
which  it  may  no  doubt  be  used  advantageously.  In  the  manufacture  of  sul¬ 
phuric  acid  by  the  chamber  process  mechanical  draught  is  employed  with 
S^at  advantage. 

Heat  KECUrEKATiON. — The  great  step  in  advance  which  was  made  in  the 
introduction  of  the  Siemens  system  of  gas  firing  was  not  in  the  producers, 
but  in  the  scientific  and  well  developed  system  of  recuperating  heat  from 
the  waste  products  of  combustion.  The  Siemens  system  continues  in  use  at 
the  present  time  in  substantially  its  original  form.  To  a  less  extent  counter- 
current  recuperators  are  employed,  which  are  also  an  old  invention,  the 
principle  dating  back  to  the  time  of  Gaillard  &  Haillot,  Lencauchez,  Ton- 
sard,  Charneau  and  Nehse.  All  these  are  systems  of  true  heat  recuperation, 
he.,  they  recover  it  from  gases  which  would  otherwise  waste  it,  and  do  not 
abstract  it  from  the  fire  box  or  combustion  chamber  of  the  furnace,  although 
the  mere  transference  of  heat  in  that  manner,  as  exemplified  in  the  well 
known  Boetius  furnace,  may  be  highly  advantageous. 
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The  terms  “regenerative  furnaces57  and  “recuperative  furnaces55  are  com¬ 
monly  employed  to  designate  dilferent  types,  the  former  being  applied  to 
the  Siemens  system  and  the  latter  to  the  continuous,  or  counter-current, 
system ;  it  is  generally  safe  to  infer  that  such  a  distinction  is  made  when  the 
two  expressions  are  used  in  metallurgical  literature,  but  not  always.  More 
exactness  is  desirable.  The  terms  “heat  regeneration”  and  “regenerative 
furnaces”  are  misnomers.  Regeneration  implies  a  re-creation  of  heat,  which 
does  not  take  place  in  such  a  furnace,  the  heat  wasted  from  the  combustion 
chamber  being  simply  restored  thereto.  Recuperation,  or  recovery,  expresses 
the  precise  meaning  as  to  what  is  effected  in  both  types  of  furnaces.  The 


Tig.  237.  Reversing  Valves  for  Siemens  Regenerative  Furnace. 

Horizontal  section  on  line  AB  of  Fig.  238. 

A,  air  inlet ;  BB,  air  chambers  ;  C,  stack  ;  D.air  reversing  valve;  EE,  gas  inlets;  FF,  gas  chambers; 
H,  stack  damper  for  air;  I,  stack  reversing  valve  for  gas;  K,  flue  for  reversing  valve  to  stack;  L.  stack 
damper  for  gas;  NN,  water  cooled  valve  seats. 

two  systems  can  be  appropriately  and  exactly  designated  as  the  “reversing- 
recuperation”  and  “continuous-recuperation”  of  heat. 

Siemens  System . — In  the  Siemens  system  of  heat  recuperation  the  hot 
products  of  combustion  are  made  to  pass  through  chambers  filled  with  fire 
brick  in  the  form  of  a  checker-work,  to  which  they  impart  a  large  portion 
of  their  heat.  In  the  meanwhile  the  air  and  gas  for  combustion  enter  the 
furnace  through  a  similar  pair  of  chambers  filled  with  brick  checker- 
work.  After  a  certain  time,  say  30  minutes,  the  direction  of  the  gases  is 
reversed,  lhe  products  of  combustion  arc  then  caused  to  pass  out  through 
the  two  cold  chambers,  while  the  air  and  gas  enter  through  the  two  which 
have  become  highly  heated,  the  gas  passing  through  one  and  the  air  through 
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the  other.  The  respective  chambers  for  gas  and  air  are  sometimes  made 
of  the  same  size,  but  more  commonly  are  designed  according  to  the  relative 
volumes  of  the  gas  and  air  and  their  heat  absorbing  capacities.  An  ar¬ 
rangement  of  flues  and  valves  by  which  the  reversal  of  the  gas  currents  is 
effected  is  shown  diagramatically  in  the  accompanying  engravings  from  a 
paper  by  H.  H.  Campbell.1 

The  extent  to  which  heat  may  he  recuperated  by  the  Siemens  system 
depends  upon  the  temperature  of  the  combustion  products  discharged  into 


Fig.  233.  Reversing  Valves  for  Siemens  Regenerative  Furnace. 

Vertical  section. 

c*  stack;  D,  main  gas  tube;  EE,  branch  gas  tubes,  showing  valves;  FF,  gas  chambers ; 
HH,  gas  chamber  flues  to  reversing  valves;  II,  stack  reversing  valves  for  gas;  K,  flue  from 
^versing  valves  to  stack;  L,  stack  damper  for  gas;  M,  valve  reversing  gear;  NN,  water  cooled 
v&lve  seats;  PP,  air  chambers. 

the  recuperative  chambers,  the  arrangement  and  dimensions  of  the  latter, 
the  speed  of  the  gases  in  passing  through  them  and  the  length  of  time  be¬ 
tween  reversals.  By  giving  the  chambers  a  sufficient  volume  and  the  hot 
gases  a  slight  velocity  they  may  be  made  to  issue  comparatively  cold,  while 
the  fresh  air  and  gas  may  be  raised  correspondingly  to  a  high  degree  of 
temperature.  According  to  Friedrich  Siemens,2  the  weight  of  the  brick 

1  Trans.  Am.  Inst.  Min.  Eng.,  XXII,  362and  303. 

*  Collected  Works,  I,  227  and  228. 
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filling  of  each  pair  of  regenerators  should  be  theoretically  1G  to  17  times 
the  weight  of  the  coal  burned  between  two  reversals  in  order  to  take  up  all 
the  heat  of  the  gases  of  combustion.  Consequently  in  the  combustion  of 
1000  lb.  of  coal  per  24  hours,  or  about  42  lb.  per  hour,  there  should  be 
17X42=714  lb.  of  brick  in  each  pair  of  regenerators  when  the  gas  currents 
are  reversed  at  intervals  of  one  hour;  and  about  360  lb.  at  half  hour  inter¬ 
vals.  In  practice,  however,  the  whole  checker-work  is  not  heated  and  cooled 
uniformly,  but  by  far  the  larger  part  of  its  depth  is  required  to  effect  the 
gradual  cooling  of  the  products  of  combustion  and  only  a  small  portion 
near  the  top,  perhaps  a  fourth  of  the  whole  mass,  is  heated  uniformly  to  the 
full  temperature  of  the  flame,  the  heat  of  the  lower  portion  decreasing 
gradually  downward  nearly  to  the  bottom.  Three  or  four  times  as  much 
brick  work  is  therefore  required  than  is  equal  in  heat  capacity  to  the  prod¬ 
ucts  of  combustion. 

The  size  of  the  chambers  is  commonly  calculated  according  to  the  super¬ 
ficial  area  that  is  exposed.  Siemens  considered  that  each  pair  of  chambers 
should  expose  51  sq.  m.  per  1000  kg.  of  coal  burned  per  24  hours,  or  about 
6  sq.  ft.  per  pound  per  hour.1  According  to  Roberts-Austen,2  in  order  to 
insure  that  the  gas  shall  not  escape  to  the  chimney  at  a  temperature  higher 
than  150°  C.  there  should  be  7  to  7-5  sq.  ft.  of  brick  surface  for  every  pound 
of  coal  burned  between  reversals  in  direction.  The  brick  should  be  ar¬ 
ranged  in  the  chambers  so  as  to  leave  as  much  space  free  as  full,  i.e.,  they 
should  not  occupy  more  than  50%  of  the  volume  of  the  chambers.  The 
arrangement  of  the  chamber  should  be  such  as  will  compel  the  gas  to  travel 
uniformly  through  all  parts  of  it,  preventing  any  tendency  on  its  part  to 
take  the  most  direct  course,  short  circuiting  so  to  speak,  and  avoiding  dead 
corners.  Siemens  considered  that  the  chambers  were  best  arranged  verti¬ 
cally,  heating  from  the  top  downward.  For  various  reasons  it  is  preferable 
to  put  the  chambers  beneath  the  hearth  of  the  furnace  when  that  can  be 
done  conveniently.  The  velocity  of  the  gas  through  the  checker-work  may 
be  1  to  2  m.  per  second.  In  good  practice  the  escaping  products  of  com¬ 
bustion  arc  cooled  down  to  about  300°  C. 

ihe  great  ad\antagc  of  the  Siemens  system  in  respect  to  economy  in  fuel 
is  referred  to  in  a  subsequent  section  of  this  chapter.  Its  disadvantages  arc 
the  increased  cost  of  the  furnaces,  the  trouble  that  is  sometimes  experienced 
from  obstructions  in  the  checker-work,  the  combustion  of  gas  in  the  checker- 
work  by  leakages  between  the  gas  and  air  chambers,  the  maintenance  of  the 
reversing  valves,  and  the  trouble  of  periodically  making  the  reversals.  All 


This  referred  to  good  Bohemian  brown 
Introduction  to  the  Study  of  Metallurgy, 
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fourth  edition,  p.  207. 
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of  these  factors  necessitate  the  employment  of  more  skilful  labor  than  in 
the  ease  of  the  ordinary  furnace.  Attention  is  sometimes  called  to  the  loss 
of  gas  that  occurs  when  the  valves  are  reversed,  the  volume  then  tilling 
the  gas  regenerator  being  diverted  to  the  chimney.  However,  this  is  really 
an  unimportant  loss,  as  F.  A.  Thum  pointed  out  many  years  ago.1  He 
showed  that  a  Silesian  distillation  furnace  smelting  5000  to  6000  kg.  of 
ore  and  consuming  5000  kg.  of  heating  coal  per  24  hours  had  regenerators 
of  about  3X1X6  m.=18  eu.  m.,  half  of  which  was  filled  with  brick  and 
half  open.  A  chamber  would  contain  therefore  9  cu.  m.  of  gas,  besides 
which  there  might  be  3  cu.  m.  in  the  flue  leading  to  the  chamber,  a  total 
of  12  cu.  m.,  indicating  a  loss  of  12X24=288  cu.  m.  at  an  hourly  change 
of  valves.  Reckoning  that  1000  kg.  of  coal  affords  3500  cu.  m.  of  gas, 
it  is  apparent  that  the  loss  in  this  way  is  comparatively  slight,  being  in 
fact  only  288-^(3500X5)  =1-8%  at  the  most.  In  reality  it  is  less  than 
that  because  the  gas  filling  the  regenerative  chamber  is  at  a  more  or  less 
elevated  temperature,  wherefore  its  volume  is  expanded.  With  half  hour 
reversals  the  loss  is  of  course  twice  as  great  as  with  hourly.  The  loss  of  gas 
which  occurs  in  this  manner  has  been  obviated,  it  is  claimed,  by  a  special 
arrangement  of  valves  recently  patented  by  James  D.  Swindell.2 

Counter-Current  Systems. — In  the  counter-current  recuperative  systems 
the  products  of  combustion  are  made  to  escape  through  one  set  of  flues, 
while  the  air  for  secondary  combustion  enters  through  another  set  of  flues 
surrounding  the  first,  or  the  combustion  gases  may  surround  the  air  flues. 
I  he  combustion  products  and  air  travel  therefore  in  opposite  directions. 
Ordinarily  only  the  air  is  preheated,  the  gas  in  such  installations  being 
delivered  to  the  furnace  with  as  much  of  its  primary  heat  as  possible,  but 
sometimes  the  gas  is  introduced  in  such  a  way  as  to  be  raised  materially 
in  temperature.  An  example  of  the  latter  design  is  described  on  p.  470.  The 
flues  are  commonly  constructed  of  thin  fire  clay  tiling,  with  rebated  or  broken 
joints  so  as  to  be  perfectly  tight.  It  is  essential  in  a  recuperator  of  this 
typo  that  air  be  not  permitted  to  escape  into  the  gas  flues,  or  gas  into  the 
a>r  flues,  which  movement  in  case  of  leaks  will  take  place  in  the  direction 
toward  which  there  is  the  lower  pressure.  In  some  counter-current  re¬ 
cuperators  clay  cylinders  similar  in  dimensions  to  an  ordinary  Belgian  zinc 
retort  with  both  ends  open  are  employed  and  sometimes  iron  pipes  are  used, 
as  in  the  stoves  formerly  employed  in  iron  smelting  and  now  in  copper  smelt- 
ing,  which  will  be  described  subsequently.  Another  form  of  counter-cur¬ 
rent  heat  recuperator  is  that  in  which  the  air  is  made  to  pass  through  both 

1  Enfj.  nnd  Min.  Journ.,  1879,  XXVII,  275et  seq. 

2  United  States  patent,  No.  080,781. 
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clay  cylinders  and  iron  cylinders,  the  latter  being  employed  in  the  part 
of  the  recuperative  chamber  nearest  the  chimney,  where  the  products  of 
combustion  are  coolest  and  the  cold  air  is  admitted.  The  fuel  economizers 
which  are  now  employed  in  connection  with  steam  boilers  are  counter- 
current  recuperators  in  which  water  instead  of  air  is  circulated  through 
•  iron  pipes  around  which  the  products  of  combustion  pass. 

Counter-current  recuperators  are  less  efficient  than  those  designed  ac¬ 
cording  to  the  Siemens  system  inasmuch  as  the  heat  must  be  conducted 
through  partitions  which  have  to  be  made  necessarily  of  poorly  conducting 
material  when  exposed  to  very  hot  gas,  while  for  mechanical  reasons  tire 
clay  partitions  cannot  be  made  thinner  than  about  1  in.  under  the  most 


Fig.  239.  Hot  Blast  Stove,  Side  View  of  TJ  Pipes. 

This  stove  has  64  U  pipes,  8  in.  diameter  inside  and  0&  in.  outside,  suspended  from  10 

in.  I  beams. 


favorable  conditions,  and  must  often  be  about  2  in.  In  order  to  abstract 
t  it  .amt  quantity  of  heat  as  in  the  direct-contact  Siemens  system  a  eon- 
si  era  b  y  greater  surface  must  therefore  be  exposed.  The  maintenance  of 
the  flues  is  apt  to  be  troublesome;  they  should  be  arranged  so  that  there 
vill  be  easy  access  to  them  to  make  repairs  when  necessary,  hut  in  many 
furnaces  that  is  not  easy  to  do.  For  these  reasons  the  counter-current 

of  zinc,  "Mel.  they  ”  J  " 

Westphalia.  An  important  T*"1*  in  *">'?* 

flge  of  this  system  as  compared  with  the 
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Siemens  is  that  the  direction  of  the  gas  currents  does  not  have  to  be  reversed 
and  there  is  no  reversing  mechanism  to  be  maintained  in  repair.  The  cal¬ 
culation  of  the  proportions  for  a  counter-current  heat-recuperative  system 
is  too  complicated  a  matter  to  lie  entered  into  here,  and  any  one  contemplat¬ 
ing  such  an  installation  should  consult  an  engineer  familiar  with  the  con¬ 
ditions.  The  same  advice  may  be  extended  to  the  design  of  Siemens  fur¬ 
naces. 

U-Pipe  Stoves. — The  common  type  of  heat  recuperator,  known  as  the 
cast  iron  U-pipc  system,  such  as  is  manufactured  by  the  Colorado  Iron 
Works  Co.,  of  Denver,  Colo.,  is  illustrated  in  the  accompanying  engravings. 
The  following  data  relating  to  them  are  supplied  by  the  Colorado  Iron 
Works  Co. : 


Fig.  240.  Hot  Blast  Stove,  End  View  of  U  Pipes 


Two  sizes  of  TT-pipcs  arc  used,  namely  G  in.  and  8  in.  in  diameter.  These 
pipes  are  arranged  in  multiples  of  24,  as  for  example,  24,  48,  72  and  96 
pipes ;  or  else  in  multiples  of  eight  as  for  example  32,  64  and  96.  The  pipes 
are  9  ft.  Ion-  in  each  leg  of  the  IT  or  18  ft.  in  total  length,  measuring  from 
the  flange  udiich  supports  the  tiles  of  the  roof.  The  pipes  are  suspended 
from  I  beams  resting  on  the  end  walls  of  the  stove  as  shown  in  the  engrav¬ 
ings.  Just  below  the  bends  at  the  top  there  are  flanges  cast  on  each  leg 
of  the  pipe,  upon  which  fire  clay  tiling  is  laid,  thereby  forming  a  roof  to 
the  flue  through  which  the  gases  of  combustion  pass,  surrounding  the  pipes. 
The  elbows  and  flanges  of  the  T-pipcs  projecting  above  this  tile  roof  are 
usually  buried  in  sand  or  ashes  to  prevent  radiation  of  heat  from  them  and 
are  thus  easily  accessible  for  repairs  or  renewal  when  necessary  and  more- 
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over  are  removed  from  direct  action  of  the  gases  of  combustion.  The  joints 
of  the  flanges  are  planed  or  turned  true  so  that  there  is  no  leakage  of  air. 

Another  system  of  uniting  the  U-pipcs  is  by  .cemented  joints.  Small 
curved  U-pipes  are  made  to  connect  over  from  one  to  another  of  the  main 
U-pipes,  which  are  enlarged  at  their  tops,  forming  sleeves  into  which  the 
small  curved  sections  enter  loosely.  The  joints  are  made  tight  by  cement¬ 
ing  with  a  mixture  of  iron  filings  and  sal  ammoniac.  This  was  the  method 
commonly  employed  at  iron  blast  furnaces  where  U-pipe  stoves  were  used 
before  the  introduction  of  the  Siemens  regenerative  stoves,  and  is  by  many 
considered  the  .  best  way  of  making  the  connections.  The  perfect  fitting 
and  strength  of  the  joints  are  highly  important  features  in  a  heat  recupera- 
toi  of  this  type,  since  leaks  greatly  destroy  the  efficiency  of  the  apparatus. 
All  joints  must  be  absolutely  rigid,  and  should  have  sufficient  strength  to 
resist  the  strain  of  expansion  and  distortion  of  the  U-pipes  if  they  should 
be  overheated. 

It  is  Aery  difficult  to  give  trustworthy  data  as  to  the  life  of  recuperators 
of  this  type,  since  so  much  depends  upon  the  conditions  under  which  they 
are  employed.  rl  he  Colorado  Iron  Works  Co.  states  that  at  one  place  where 
a  stove  containing  48  six  inch  U-pipes  was  in  use  the  annual  expense  for  re¬ 
newals  did  not  exceed  $125,  the  breakage  being  an  average  of  two  pipes  per 
annum  \  at  other  places  the  stoves  have  been  run  for  several  years  with  no 
breakage  of  l  -pipes  and  practically  no  expense  for  renewals,  except  new 
grate  bars  occasionally.  These  statements  had  reference  to  stoves  heated 
directly  from  a  grate,  as  shown  in  the  accompanying  engravings,  which  were 

not  therefore  recuperators,  although  by  omitting  the  fireplace  they  might  be 
used  as  such. 


According  to  the  Colorado  Iron  Works  Co.,  the  heating  surface  necessary 
for  raising  air  to  a  temperature  of  600°  F.  may  be  taken  as  0-4  sq.  ft.  per 

ean°  i?  °  ^  P°r  mjnu^e  5  in  order  to  raise  the  temperature  to 

0 .  TT  ".  °  S?'  .'  8  !ould  provided.  The  external  surface  exposed  by 
r1  1  °f.;S  m_m6lde  diameter  is  1059  sq.  ft.,  the  internal  surface 

bCmf  892  *q'  ft*  ,Tbe  e.xtcrnal  exPosure  of  24  U-pipes  6  in.  in  diameter 
inside  is  834  sq.  ft.  the  internal  surface  being  6G9  sq.  ft.  The  number  of 

JU1° ?  T  ^  WUh  t0  the  temperature  required, 

TT  r°  C  ™  ^  °f  air  that  i6  t0  be  transmitted.  The 
Colorado  Iron  Works  Co.  considers  that  the  extreme  ultimate  velocity  of  the 

oxe  el  ToTn  TT-  V T in  the  pi^  to  the  furnace  should  not 
exceed  oOOO  ft.  per  minute  S.nee  air  expands  0-002035  of  its  volume  for 

each  degree  Fahrenheit  when  heated  from  G0°  F.  to  600°  F  its  volume 

has  become  2-1  times  the  oricina]  vnln™„  i  *  1  , 

g  nal  volume,  wherefore  all  pipes  must  have 
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more  than  double  tlie  area  required  for  the  cold  air.  The  Colorado  Iron 
Works  Co.  has  designed  an  improvement  on  the  ordinary  U-pipes,  so  as  to 
increase  their  heat  radiating  surface  by  casting  ribs  on  the  inside  of  the 
pipes  as  shown  in  the  accompanying  section  through  a  leg  of  the  pipe.  This 
arrangement  increases  the  heating  surface  to  practically  three  times  that  of 
a  plain  pipe;  cast  iron  being  a  good  conductor  of  heat  and  air  a  very  poor 
one,  the  idea  is  to  obtain  as  much  heat  radiating  surface  in  a  given  space 
as  possible.  A  British  invention  for  accomplishing  the  same  purpose  com¬ 
prises  a  series  of  stops  with  central  and  peripheral  apertures  placed  alter- 


Tig.  241.  Section  of  U  Pipe,  With  Inside  Radiating  Ribs. 
lately  in  the  pipe  so  that  the  air  is  continually  forced  against  the  heated 

surface. 

The  weight  and  cost  of  cast  iron  TT-pipe  stoves  as  designed  and  built  by 
the  Colorado  Iron  Works  Co.  are  given  in  the  following  table: 


Number  of  pipes 

24 

32 

48 

64 

72 

96 

Weight  of  cast-iron ,  S",  lb. .  . 
r  .  ,  6", lb.. . 

of  cast-iron,  8" . 

00.000 

40,000 

$3,100 

80,000 

54.000 

$4,300 

$2,963 

9.500 

6.500 
$450 
$300 

8,000 

7, 000 
26,000 
24,000 

106,000 
72,000 
$5  900 
$4 ,025 
i  q  nnn 

140.000 

96,000 

$7,800 

$5,300 

16.000 

11,000 

$750 

$550 

12.000 

10,500 

34  (MM) 

167.000 
115,000 
$8,500 
S6.000 
18, (MM) 
12.000 
$950 
$650 
14.000 
12,000 
38,000 

35 ,000 

175,000 

1 20 ,000 
$10,500 
$7,500 
22.000 

6" . 

$2, 1(M) 

Weight  of  wrought  iron, 8" ,1b. 

o  6", lb. 

^ost  of  wrought  iron,  8".  .  . 

_  6".  .  . 

■I'ire  brick  required,  8" . 

0" . 

7,500 

5.000 

$325 

$225 

7.000 

6.000 

1,1,1  H IU 

9. (MM) 
$625 
S425 
10,000 

9, 0(H) 

on  nnn 

1 5 ,000 

SI  .200 
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Generation  of  Steam  from  Waste  Heat. — Metallurgical  installations  are 
sometimes  made  wherein  the  gases  of  combustion  escaping  from  high  tem¬ 
perature  furnaces  arc  caused  to  pass  through  the  Hues  or  around  the  tubes 
of  a  steam  boiler.  In  such  cases  the  boiler  is  a  heat  recuperator.  Some¬ 
times  the  hot  gases  from  the  furnace  are  caused  to  pass  first  through  a 
stove  in  which  air  is  preheated,  and  thence  are  conducted,  at  a  reduced 
temperature,  to  the  boiler.  It  is  no  new  idea  to  utilize  the  waste  heat  of  a 
distillation  furnace  for  the  generation  of  steam,  such  a  scheme  having  been 
carried  out  at  the  Asturienne  works  at  Auby,  France,  in  the  ’70’s.1  The 
chief  objection  to  the  practice  is  the  inherent  difficulty  of  carrying  out  two 
differently  marching  processes  in  combination.  When  the  temperature  of 
the  distillation  furnaces  is  allowed  to  fall  off  during  the  maneuver  and  the 
gases  of  combustion  escape  cooler,  it  may  happen  that  more  steam  is  re¬ 
quired  from  the  boilers,  and  vice  versa  less  steam  may  be  needed  when  the 
gases  are  hottest.  Indeed  it  would  be  precisely  those  conditions  which  would 
happen  in  the  natural  order  of  things.  It  may  be  laid  down  as  a  general 
principle  that  since  the  distillation  is  the  primary  process  and  the  genera¬ 
tion  of  steam  is  only  accessory,  the  management  of  the  boilers  must  con¬ 
form  absolutely  to  the  requirements  of  the  distillation  furnace.  Otherwise 


the  increased  loss  of  zinc  that  may  be  suffered  in  distillation  may  easily 
offset  the  value  of  the  steam.  This  principle  implies  that  if  steam  is  to 
be  generated  from  the  waste  heat  of  the  furnace  the  boilers  must  have 
sufficient  heating  surface  to  afford  the  requisite  supjdv  at  the  minimum 
temperature  of  the  gas;  and  there  must  be  a  system  of  dampers  by  which 
the  gas  can  be  diverted  from  tbe  furnace  directly  to  the  chimney  when  the 
boilers  must  be  cooled  for  cleaning  or  repairs,  or  into  a  reserve  battery  if 
steam  from  one  set  of  boilers  be  required  continuously. 

Chemical  hr  generation.  The  latest  system  of  regenerative  gas  firing  in¬ 
vented  by  Friedrich  Siemens  was  called  by  him  “chemical  regeneration”;  it 
was  described  in  a  series  of  patents  issued  between  1890  and  1899.  In  this 
system  there  are  only  two  regenerative  chambers,  both  for  air  alone,  and  the 
gas  producer  is  directly  connected  with  the  furnace  so  that  the  heat  of  pri- 
nur\  combustion  is  preserved.  The  products  of  combustion  escaping  from 
urnau  an  divided.  One  portion  passes  through  one  of  the  regenera¬ 
tive  chambers  and  thence  to  the  chimney,  the  air  for  secondary  combustion 
entering  in  the  meanwhile  through  the  other  chamber.  The  other  portion 
of  the  combustion  gases  is  continuously  blown  into  the  producer,  beneath 

tlie  o^r\n  °(.  thf ,  Tn  Passinff  through  the  bed  of  incandescent  coke 

the  carbon  dioxide  is  reduced  to  monoxide,  which  is  returned  to  the  furnace. 


1  Berg-  u.  Iiattenm.  Ztg.,  l$S0,  p.  36. 
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This  cannot  possibly  create  any  heat,  because  as  much  is  absorbed  in  de¬ 
composing  the  dioxide  as  is  subsequently  returned  to  the  furnace,  but  all 
of  its  physical  heat,  together  with  that  of  the  nitrogen,  save  the  loss  in 
transit,  is  recovered,  whereas  in  the  ordinary  system  it  escapes  to  the  chim¬ 
ney  at  a  temperature  of  perhaps  300°  C. 

Steinmann  states1  that  according  to  information  furnished  by  the  Lon¬ 
don  Bureau  of  Friedrich  Siemens  there  were  in  1899  about  300  examples 
of  the  new  system  in  the  iron,  steel  and  glass  works  of  Great  Britain  and 
the  Continent ;  and  that  according  to  trustworthy  data  the  economy  in  fuel 
is  30%  and  upward  as  compared  with  the  ordinary  Siemens  system,  while 
the  first  cost  of  the  furnace  is  30%  less. 

Comparative  Economy  of  Direct  and  Gas  Firing. — It  is  difficult  to 
summarize  briefly  the  economy  in  the  fuel  consumption  for  zinc  smelting 
that  has  been  attained  by  the  introduction  of  gas  firing,  because  of  the  in¬ 
sufficiency  of  the  data.  The  character  of  the  coal  employed  at  one  works 
may  be  so  different  from  that  which  is  used  at  another  that  in  the  absence 


of  data  as  to  their  calorific  values  and  other  factors  it  would  be  futile  to 
attempt  a  comparison  of  results.  If  a  comparison  between  gas  firing  and 
direct  firing  in  the  same  works  be  made  it  is  essential  to  know  as  to  the 
manner  in  which  each  method,  but  especially  the  direct  firing,  is  performed. 
Having  in  mind  that  in  view  of  so  many  uncertainties  comparisons  from 
old'records  are  of  doubtful  value,  some  idea  of  the  results  attained  in  prac¬ 
tice  may  be  obtained  from  the  following  paragraphs : 

In  the  case  of  simple  gas  firing,  the  only  possible  gain  to  be  expected  is 
that  which  results  from  the  more  perfect  combustion  of  the  fuel  that  can  be 
effected  and  the  ability  to  effect  the  combustion  with  a  smaller  excess  of 
air,  besides  obviating  the  admission  of  unnecessary  air  during  the  stoking. 
The  saving  that  is  obtained  in  those  ways  is  offset  to  the  extent  that  the 
beat  of  primary  combustion  is  lost  by  radiation  from  the  producer  ant  tic 
Hue  by  which  the  gas  is  conveyed  from  it  to  the  combustion  chamber  of  the 
furnace.  In  certain  installations,  wherein  the  producer  is  situated  very 
close  to  the  combustion  chamber  and  radiation  is  intercepted  by  the  circu¬ 
lation  of  air  around  the  fire  box  of  the  producer,  the  loss  of  primary  heat 
i»  probably  very  small.  The  Socmte  Anonvme  de  la  Vicille  Montagne  ex¬ 
perienced  at  its  French  works  an  economy  of  10  to  15%  in  fuel  from  gas 
firing  as  compared  with  direct  firing.2  The  coal  burned  at  those  works  con¬ 
tains  as  high  as  38%  of  volatile  matter.  The  introduction  of  gas  firing 
in  connection  with  Boetius  generators  in  Bhenish  Prussia  and  Westphalia 


i  Compendium  dor  (Jasfeuerunj?,  !»•  US. 
i  M.  do  Rlmjay,  The  Mineral  Industry,  VIII,  655. 
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is  said  to  have  led  to  a  saving  of  30%  in  fuel.1  In  so  far  as  a  general 
statement  can  be  made, 'about  all  that  can  be  safely  said  is  that  simple  gas 
firing  may  lead  to  a  saving  of  10  to  30%  in  fuel  as  compared  with  direct 
firing,  depending  upon  the  conditions  under  which  the  two  methods  are 
applied. 


In  the  case  of  recuperative  gas  firing  by  either  the  Siemens  or  counter- 
current  systems  the  saving  in  fuel  is  commonly  greater.  The  loss  of  heat  in 
this  method  of  firing  need  not  be  theoretically  much  more  than  what  is 
radiated  from  the  producer  and  the  gas  conduit  leading  to  the  furnace  and 
from  the  furnace  itself,  plus  the  heat  remaining  in  the  products  of  com¬ 
bustion  to  the  extent  that  is  necessary  to  produce  the  required  chimney 
draught,  which  is  at  its  maximum  when  the  products  of  combustion  are  only 
273°  C.  above  the  atmospheric  temperature.  The  cooling  of  the  products 
of  combustion  is  of  course  a  function  of  the  heat  absorbing  capacity  of  the 
recuperative  chambers  and  the  nature  of  the  cooling  medium  (either  air 
and  gas,  or  air  alone)  which  is  circulated  through  them  upon  reversal  of 
currents,  and  the  efficiency  of  the  system  can  be  varied  greatly  by  the  design 
of  the  lurnace.  Similarly  the  loss  of  heat  by  radiation  is  largely  a  function 
of  the  arrangement  of  the  plant  and  the  design  of  the  furnace/  The  state¬ 
ments  that  gas  firing  by  the  Siemens  system  sometimes  shows  an  economy 
of  50%  in  fuel  as  compared  with  direct  firing  is  by  no  means  unreasonable; 
it  might  conceivably  be  even  greater  than  that.  A  saving  of  something 
like,  50%  in  fuel  is  said  to  have  been  actually  experienced  in  Upper  Silesia 
since  the  introduction  there  of  Siemens  furnaces  for  zinc  smelting.  The 
new  Siemens  system  has  not  yet  been  applied  to  zinc  smelting. 

Measurement  oi-  High  Temperatures. — The  accurate  measurement  of 
high  temperatures  for  the  control  of  metallurgical  processes  is  gradually 
becoming  recognized  to  be  a  subject  of  the  highest  importance.  There  is 
probably  no  branch  of  metallurgy  in  which  a  perfect  control  of  the  tem¬ 
perature  is  of  more  importance  than  in  the  distillation  of  zinc  oxide.  Un¬ 
fortunately  the  pyrometers  which  are  available  for  this  purpose  are  too 
expensive  for  general  application  and  too  delicate  for  use  by  anv  but  trained 
observers.  The  Lc  Chatehor  thermo-electric  pyrometer  is  probably  the  best, 
lor  a  description  of  it  and  other  types  of  pyrometers  the  reader  is  referred 
to  Roberts-Austens .  Introduction  to  the  Study  of  Metallurgy. 

I  he  common  method  of  judging  the  temperature  of  a  furnace  is  by  the 
color  intensity  of  its  incandescence.  Providing  that  the  color  can  be 
gauged  accurately  determination  in  that  manner  is  accurate  since  contrary 

to  the  general  belief  there  is  no  difference  in +v  ,  ‘  ’  1 

b  omercnco  in  the  color  tints  of  different  sub- 

1  Kerl,  Grundriss  dor  MetaUhttttonkunde,  p.  455  and  p.  465. 


CHIMNEYS,  HEAT  RECUPERATION  AND  FURNACE  DESIGN. 


367 


stances  at  tlie  same  temperature.  The  eye  perceives  objects  only  through 
differences  either  in  the  tint  or  intensity  of  light  reflected  from  them.  Ob¬ 
jects  which  emit  the  same  tint  and  intensity  of  light  cannot  be  distinguished 
from  each  other,  no  matter  how  different  their  texture,  surface  or  shape  may 
be.  Every  object  at  exactly  the  same  temperature  emits  the  same  tint  and 
intensity  of  light;  if  not  they  would  remain  distinguishable  in  a  furnace 
when  at  precisely  the  same  temperature,  which  is  not  the  case. 

The  unaided  eye,  even  of  a  trained  and  skilful  workman,  dealing  with  a 
special  set  of  conditions  with  which  he  is  familiar,  is  a  far  less  trustworthy 
guide  than  it  is  supposed  to  be,  since  in  estimating  the  temperature  of  a 
furnace,  or  that  of  a  glowing  mass  of  metal,  much  will  depend  upon  the 
relative  brightness  of  the  illumination  of  the  surrounding  space.  The  most 
skilful  observer  is  probably  unable  to  estimate  the  temperature  of  a  furnace 
by  the  eye  alone  nearer  than  50°  C.  There  are  several  optical  pyrometers, 
including  one  invented  by  Professor  Le  Chatelier  and  another  by  Messrs. 
Mesure  &  Noel,  which  are  designed  on  entirely  sound,  scientific  principles 
and  enable  the  temperature  of  incandescent  bodies  or  furnaces  to  be  deter¬ 
mined  almost  exactly  on  the  basis  of  the  intensity  of  light  emitted  from 
them,  the  personal  factor  being  to  a  large  extent  eliminated.  These  instru¬ 
ments  are  very,  convenient  and  should  be  more  generally  employed  in  the 
control  of  metallurgical  work  than  they  are. 

Color  Scale  of  High  Temperatures.— The  temperatures  corresponding  to 
different  colors  are  now  known  quite  accurately  through  the  investigations 
of  Messrs.  Maunsel  White  and  F.  W.  Taylor,  together  with  those  of  Pro¬ 
fessor  Henry  M.  Howe.1  The  results  of  those  investigators  have  entirely 
discredited  the  old  and  generally  accepted  table  of  Pouillet,  which  is  still 
reproduced  in  most  textbooks  and  manufacturers"  catalogues.  The  figures 
of  Messrs.  White  and  Taylor  and  Professor  Howe  are  as  follows: 


White  and  Taylor. 


Color 


^ark  red,  blood  red,  low  red. 

^ark  cherry  red . 

Cherry,  full  red . 

bight  cherry,  bright  cherry, 

~  light  red . 

Orange . 

bight  orange . 

follow . 

fcifht  yeilow  . 

White.  ...  . 


dor. 

°C 

oj? 

566 

1,050 

635 

1,175 

746 

1,375 

843 

1,5.50 

899 

1,650 

941 

1,725 

996 

1,825 

1,079 

1 ,975 

1,205 

2,200 

Howe. 


Color 

°C 

Dull  red . -j 

TTiill  pherrv . 

550 

625 

700 

850 

950 

1,000 

1,050 

1,150 

Tii(rht  red  . 

Full  yellow . -j 

T  iirht  vellow . 

White . 

°F 


1,022 

1,157 

1,292 

1,562 


1,742 
1 ,832 
1,922 
2,102 


Proceeding^  „t  “* 
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Design  and  Construction  of  Furnaces. — There  are  certain  general 
principles  governing  the  construction  of  furnaces  in  which  a  high  tempera¬ 
ture  is  to  be  maintained  that  are  applicable  to  furnaces  required  for  all 
kinds  of  metallurgical  purposes,  whether  it  be  lead  smelting,  copper  smelt¬ 
ing  or  zinc  smelting.  Some  of  these  principles  pertain  to  the  design  of 
the  furnace  in  order  to  insure  an  economical  combustion  of  the  fuel  and 
the  production  of  the  requisite  temperature;  others  pertain  to  the  me¬ 
chanical  construction  of  the  furnace  in  order  to  insure  that  it  will  have  a 


proper  durability  with  the  minimum  expenditure  for  repairs  and  renewals. 

Requirements  of  a  Good  Furnace. — A  properly  designed  furnace  should 
have  ample  coal  burning  capacity,  which  means  that  it  should  be  able  to 
burn  the  quantity  of  coal  or  gas  required  to  generate  the  maximum  quan¬ 
tity  of  heat  that  may  be  required  at  any  stage  of  the  operation,  under  the 
most  unfaiorable  conditions  that  may  be  expected,  such  as  a  supply  of  coal 
of  poorer  quality  than  is  usually  furnished  and  various  states  of  the  atmos¬ 
phere  that  may  tend  to  diminish  the  chimney  draught  if  the  furnace  be 
worked  in  that  manner.  The  grate  should  be  of  such  a  kind  that  ash  and 
clinker  may  be  easily  removed  from  it  without  stopping  the  operation  of  the 
furnace  for  more  than  a  few  minutes  at  a  time,  and  the.  bars  should  be  so 
spaced  that  the  minimum  proportion  of  coal  will  be  wasted  by  falling 
thiough  them  unburned.  The  combustion  chamber  should  be  so  con¬ 


structed  as  to  be  capable  of  burning  thoroughly  all  the  gases  distilled  from 
the  fuel  before  they  have  a  chance  to  escape  to  the  chimney.  It  should  he 
therefore  of  sufficient  volume  to  retain  the  gases  long  enough  to  insure 
complete  combustion  and  also  long  enough  to  enable  them  to  give  up  all  the 
heat  they  are  capable  of  imparting.  The  fire  box  and  combustion  chamber 
should  be  built  with  thick  walls  to  prevent  loss  of  heat  by  radiation  so  far  as 
possible,  care  being  taken  to  arrange  the  construction 'in  such  a  way  that 
relining  can  be  readily  effected. 

Both  in  direct  firing  and  in  gas  firing  it  is  essential  that  room  be  pro¬ 
vided  for  air  and  gas  to  mix  thoroughly  and  attain  full  combustion  before 
ie  emperature  be  reduced  by  the  heat  abstracting  parts  of  the  furnace, 
ns  is  especia  y  important  when  the  air  is  supplied  cold,  and  even  more 
so  when  the  fuel  is  natural  gas,  which  is  also  difficult  to  mix  with  the  great 

'°  ™1R,.0f  ai/  required  for  lts  combustion.  For  this  reason,  in  the  earlier 
distillation  furnaces  at  Tola,  Kan.,  wherein  the  chief  supply  of  gas  was 
introduced  at  one  end  it  was  customary  to  leave  a  space  of  a  few  feet  be- 

Both  ™dCn<  WaU  aiKi  thC  fir?t  ti0r  of  retorts  t0  s<™  as  a  mixing  chamber. 

lie  intro  1  r  7wS  !!atUral  gas  1)oin"  specifically  lighter  than  air  should 
be  introduced  into  the  furnace  below  the  air  supply.  This  is  of  consider- 
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able  importance  in  the  case  of  producer  gas  and  air  when  both  are  supplied 
hot  and  of  great  importance  in  the  case  of  natural  gas,  which  is  only 
about  one  half  as  heavy  as  air,  unless  the  air  and  gas  are  to  be  mixed  posi¬ 
tively  by  means  of  Bunsen  burners.  In  connection  with  the  design  of  fur¬ 
naces  for  producer  gas  firing  reference  should  be  made  to  pages  296  and  29 1 . 

Proportions  of  Distillation  Furnaces. — It  is  obvious  that  given  the  re¬ 
quirements  of  a  certain  temperature  and  a  certain  quantity  of  heat  and  the 
coal  from  which  those  results  have  to  be  obtained  there  should  be  a  certain 
relation  between  the  grate  area  of  a  distillation  furnace,  the  size  of  the  com¬ 
bustion  chamber  (especially  the  free  space  around  the  retorts)  and  the 
draught  power  wdiich  the  chimney  must  have.  Gruner  laid  down  the  rule 
that  the  combustion  chamber,  or  laboratory  portion  of  a  zinc  distillation 
furnace,  should  have  101  cu.  ft.  capacity  for  every  hundredweight  (112  lb.) 
of  coal  burned  per  hour.  If  then  25  lb.  of  coal  were  to  be  burned  per 
square  foot  of  grate  per  hour,  there  should  be  4*5  sq.  ft.  of  grate  per  101 
cu.  ft.  of  combustion  chamber,  or  1  sq.  ft.  per  22*5  cu.  ft.;  the  draught 
must  of  course  be  sufficient  to  effect  that  rate  of  combustion.  Knab  states1 
that  direct  fired  Belgian  furnaces  should  have  1  sq.  m.  of  grate  surface 
to  5  or  6  cu.  m.  of  combustion  chamber,  or  approximate!)  1  &q-  ft-  of  grate 
to  16  or  20  cu.  ft.,  while  11  to  12  retorts  may  be  installed  per  cubic  meter 
(35  cu.  ft.).  The  direct  fired  Silesian  furnaces  with  32  muffles,  which  is 
the  usual  number,  have  a  grate  area  of  about  1  sq.  m.  and  a  combustion 
chamber  of  about  8  cu.  m.  in  volume,  of  which  the  muffles  occupy  scarcely 
one  third.  Francis  Laur  gave  the  formula  that  it  is  not  prudent  to  con¬ 
struct  furnaces  (meaning  single  furnaces,  not  massives)  of  which  the  in¬ 
ternal  capacity  exceeds  880  cu.  ft.;  and  that  the  interior  \olume  of  the 
retorts  should"  be  only  about  one  third  of  the  volume  of  the  furnace  in 
which  they  are  heated,  experience  having  demonstrated  that  approximate  y 
two  thirds  of  the  interior  of  the  combustion  chamber  is  required  for  sup¬ 
ports  and  free  circulation  of  the  gases.-  . 

The  ordinary  direct  fired  Belgian  furnaces  used  in  Missouri  and  Kansas 
until  recently,  fitted  with  224  retorts  (112  per  side),  arranged  m  seven 
rows  of  10  each,  had  two  combustion  chambers,  each  17  ft.  6  in.  long, 
3  ft.  8  in.  wide  and  9  ft.  9  in.  high,  the  cubic  contents  being  2X624-5 
=1249  cu  ft  Each  combustion  chamber  was  heated  by  two  grates,  each 
6  ft  X  10  in  or  approximately  8  sq.  ft.  in  area,  wherefore  the  total  grate 
area  of  the  furnace  was  32  sq.  ft.,  giving  1  sq.  ft.  of  grate  per  39  cu  ft. 
of  furnace  The  internal  volume  of  the  retorts  was  300  cu.  ft.  and  their 


1  Trait*  <le  Metallurgy.  452. 

*  Bulletin  de  la  Societ*  de  1  Industrie 


Minerale,  1874,  III,  395;  Inst,  of  Civil  En¬ 
gineers,  XLI,  317. 
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external  volume  inside  of  the  combustion  chamber  was  554  cu.  ft.1  The 
interior  volume  of  the  retorts  was  consequently  less  than  25%  of  that  of  the 
combustion  chamber,  while  the  free  space  of  the  latter  was  1249  —554=695 
cu.  ft.=approximately  55-6%.  The  consumption  of  slack  coal  was  about 
40  lb.  per  sq.  ft.  of  grate  per  hour  as  the  average  for  24  hours,  the  total 
consumption  being  about  15  tons,  but  of  course  this  was  lower  during  the 
maneuver  and  higher  during  the  period  of  distillation.  The  hourly  con¬ 
sumption  was  about  1280  lb.;  according  to  Gruner’s  principle  it  should 
have  been  1400  lb. ;  and  no  doubt  it  was  full}’  as  much  as  that  during  the 
period  of  distillation.  The  number  of  retorts  per  100  cu.  ft.  was  18;  per 
square  foot  of  grate,  seven. 

A  similar  furnace  at  Collinsville,  Ill.,  fitted  with  256  retorts  (arranged 
in  eight  rows  of  16  each  per  side)  had  two  combustion  chambers,  each 
17  ft.  6  in.  X  3  ft.  8  in.  X  11  ft.=705  cu.  ft.,  or  a  total  of  1410  cu.  ft. 
There  were  four  grates  each  7  ft.  6  in.  X  15  in.,  having  a  total  area  of 
37-5  sq.  ft.,  or  1  sq.  ft.  per  37-6  cu.  ft.  of  combustion  chamber.  The  internal 
volume  of  the  retorts  was  342-5  cu.  ft.=24%  of  the  combustion  chambers. 
The  free  space  of  the  latter  was  1410 — 634=776  cu.  ft.=55%.  The  num¬ 
ber  of  retorts  per  100  cu.  ft.  was  18 ;  per  square  foot  of  grate  6-8.  As  in 
the  case  of  the  Kansas  furnaces  the  Collinsville  furnace  was  designed  for  the 
use  of  an  inferior  grade  of  slack  coal. 

The  Boetius  furnace  (semi-gas  fired),  illustrated  on  page  449,  had  two 
combustion  chambers  each  23X4X8-2  ft.=754-4  cu.  ft.,  or  1508-8  cu.  ft. 
for  the  two.  Each  had  two  producers  of  9-92  sq.  ft.  grate  area,  giving  1 
sq.  ft.  of  grate  per  38  cu.  ft.  of  combustion  chamber.  The  number  of 
retorts  was  294,  or  a  little  less  than  20  per  100  cu.  ft.,  the  number  per 
square  foot  of  grate  being  a  little  more  than  seven. 

The  Rhenish  furnace  with  216  large  retorts,  which  is  described  on 
p.  417,  has  two  Boetius  producers,  each  with  13-2  sq.  ft.  of  grate  area.  The 
volume  of  the  combustion  chamber  of  the  furnace  is  2829  cu.  ft.,  its  length 
being  44  ft.  and  its  cross-section  69  sq.  ft.  The  space  occupied  by  the 
retorts  is  approximately  506  cu.  ft.,  leaving  82%  of  the  volume  of  the  com¬ 
bustion  chamber  for  the  interior  retort  supports  .and  for  free  space.  One 
square  foot  of  grate  corresponds  to  107  eu.  ft.  of  the  combustion  chamber. 
The  main  flue  to  the  chimney  is  14  sq.  ft.  in  section. 

T  be  introduction  of  gas  fired  distillation  furnaces  in  which  the  products 
of  combustion  traverse  the  laboratory  from  end  to  end  has  introduced  new 


1  There  were  224  retorts,  8  in.  in  diameter 
Inside  and  3  ft.  10  in.  long  inside,  thus  hav¬ 
ing  an  internal  capacity  of  1-338  cu.  ft.  per 
retort.  The  outside  diameter  was  11  in. 


and  3  ft.  9  in.  of  their  length  was  inside 
the  combustion  chamber,  or  2-475  cu  ft.  per 
retort.  1-338X224=300;  and  2-475X224^= 
554. 
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principles  in  the  design.  The  distillation  furnaces  of  that  type  are  more  or 
less  analogous  to  the  furnaces  employed  in  the  manufacture  of  open-hearth 
steel.  In  the  case  of  the  latter  furnaces  it  is  considered  in  American  prac¬ 
tice  that  the  combustion  chamber  should  measure  at  least  15  ft.  in  the  clear 
between  the  ports  in  order  to  afford  room  for  the  complete  combustion  of 
the  gas,  while  in  large  furnaces  a  length  of  40  ft.  is  not  excessive.1  These 
limits  refer  to  furnaces  in  which  the  gas  and  air  are  mixed  at  one  end, 
both  the  gas  and  air  being  preheated.  The  temperature  which  is  attained 
is  considerably  higher  than  in  zinc  distillation  furnaces,  rising  to  1600  C., 
while  in  zinc  distillation  about  1300°  to  1400  (.  is  all  that  i>  required. 

It  would  probably  be  entirely  within  bounds  to  construct  a  distillation  fur¬ 
nace  40  ft.  long,  in  which  the  gas  and  air  are  to  be  admitted  only  at  one 
end,  providing  that  the  free  cross-sectional  area,  i.e.,  the  space  unoccupied 
by  the  retorts,  were  sufficiently  large  to  permit  the  passage  of  the  gases  at  a 
moderate  velocity.  In  those  furnaces  in  which  gas  or  air,  or  both,  are 
admitted  at  intermediate  points  that  length  has  been  greatly  exceeded. 

Furnaces  Heated  by  Natural  Gas.— In  planning  a  furnace  to  be  heated 
by  natural  gas,  in  which  economical  combustion  is  to  be  effected,  it  should 
be  borne  in  mind  that  in  obtaining  the  same  heating  effect  as  compare 
with  producer  gas  the  natural  gas  must  perhaps  be  supplied  with  more  air. 


CAPACITY  IN  CUBIC  FEET 


PER  HOUR  OF  SMALL  ORIFICES  AT  DIFFERENT 
PRESSURES.® 


Pressure. 


Inches  of 
water 


0-80 
1  00 
120 
1-36 

1- 40 
1*60 
1-80 

2- 00 
2\50 
2'70 
3*00 
4*  10 
5*40 
6*80 
810 
9*50 

10*90 

12*20 

13*70 


Diameter  of  Orifice. 


Ounces 


0'8 


16 

1*8 

2*4 

3  2 

4  0 
4*8 
5*6 
6  4 
7*2 
8*0 


A  in. 


£  m. 


£  in. 


8*0 
90 
10*0 
10*8 
11  3 
11*6 
12*0 
12*8 
13*5 
15*0 
16*4 
18*0 
21*6 
24*0 
26*4 
28'4 
30*0 
31*0 
32*4 


12*0 
13*0 
15  0 
16*0 
17*0 
17*5 
180 
19*0 
20*4 
21*0 
24*5 
27*6 
32*0 
35*5 
39  5 
42*5 
45*0 
47*0 
48*5 


15*0 

170 

18*0 

200 

21*0 

21*5 

22*0 

23*0 

25*0 

27*0 

31*0 

34*0 

41*0 

46*0 

51*0 

54*0 

57*0 

61*0 

64*0 


20 

23 

25 

27 

28 

29 

30 
32 
34 
38 
41 
46 
54 
60 
66 
71 
75 
78 
81 


A  in. 

A  in- 

30 

45 

34 

51 

36 

56 

40 

61 

42 

63 

43 

65 

44 

67 

46 

72 

50 

76 

54 

86 

62 

92 

68 

105 

82 

122 

92 

135 

102 

148 

108 

160 

114 

169 

122 

176 

128 

182 

UU - catalogue  of  Metr.c  -Metal  Works,  Erie.  Pa. 


,  n  j|  Campbell,  Trans.  Am.  Inst.  Min.  Eng.,  XXII,  357. 
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while  ou  the  other  hand  the  volume  of  the  products  of  combustion  will  be 
less.1  The  flues  for  the  admission  of  air  and  the  escape  of  the  combustion 
products  should  be  designed  therefore  in  proportion  to  their  volumes.  The 
supply  of  natural  gas  to  a  furnace  is  governed  by  the  pressure  at  which  it  is 
delivered  and  the  dimensions  of  the  outlet.  The  table  on  p.  371  is  useful 
in  designing  the  piping  of  furnaces  for  the  combustion  of  natural  gas. 

The  maximum  quantity  of  gas  required  by  the  furnace  should  first  be 
determined  and  the  pressure  at  which  it  is  to  be  introduced.  The  number 
of  gas  inlets  having  been  settled  upon,  arranging  them  so  as  to  insure  a 
thorough  mixture  of  gas  with  air,  the  size  of  the  orifices  required  can  be 
picked  out  from  the  table  referred  to.  The  main  pipes  and  principal 
branches  will  be  of  course  proportioned  to  the  quantity  of  gas  to  be  carried. 
It  is  inadvisable  to  draw  things  too  fine  in  such  calculations ;  it  is  always 
better  to  have  the  pipes  too  large  rather  than  too  small,  since  if  the  former  is 
the  case  the  flow  of  gas  can  be  checked  as  desired  by  valves  and  there  will  be  a 
margin  to  meet  special  requirements  for  extra  heat  in  the  furnace. 

Furnace  Masonry. — In  the  construction  of  a  distillation  furnace,  or  any 
kind  of  metallurgical  furnace  in  which  a  high  temperature  is  to  be  attained, 
it  should  be  observed  that  all  portions  of  the  masonry  which  are  exposed  to 
even  a  comparatively  moderate  heat  must  be  laid  in  clay,  instead  of  with 
lime  or  cement,  common  brick  clay  (tempered  with  sand)  being  good  enough 
for  most  purposes.  Fire  brick  are  best  laid,  however,  with  a  thin  mortar 
consisting  of  finely  ground  raw  clay  and  burned  clay  (chamotte),  one  half 
of  the  former  and  one  half  of  the  latter.  The  mixture  should  all  pass  a 
30-mesh  screen.  The  brick  are  well  laid  by  first  dipping  into  liquid  clay 
mortar  or  slurry  of  the  above  composition,  pressing  the  brick  closely  to¬ 
gether  in  the  walls  and  grouting  the  joints  with  the  same  mortar  as  the 
work  proceeds.  The  joints  in  any  furnace  should  be  as  tight  as  it  is  pos¬ 
sible  to  make  them,  each  brick  being  tapped  down  to  its  bearing  with  a 
mallet  or  light  hammer.  This  is  an  advisable  precaution  inasmuch  as  the 
clay  joints  are  more  fusible  than  the  bricks  themselves.  The  reason  why 
lime  mortar  may  not  be  employed  in  furnace  construction  is  that  at  a  tem¬ 
perature  of  812°  C.  calcium  carbonate  is  decomposed  into  lime  and  carbonic 
dioxide,  wherefore  the  mortar  loses  its  element  of  strength;  also  when  lime 
mortar  is  exposed  to  the  action  of  gases  containing  sulphurous  anhydride 
the  calcium  caibon.it(  is  converted  into  calcium  sulphate  which  crumbles 
and  consequently  destroys  the  efficiency  of  the  mortar.  Lime  mortar,  which 
is  always  much  improved  by  the  admixture  of  about  10%  of  good  cement, 
may  be  safely  employed,  however,  for  the  outside  work  and  wherever  there 

1  Vide,  p.  335  and  p.  338. 
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is  no  danger  of  heat ;  it  makes  better  looking  and  stronger  work  than  clay 
mortar  and  is  always  preferred  by  brick  masons,  whose  inclination  to  use 
it  in  places  where  it  ought  not  to  be  has  to  be  guarded  against  in  furnace 
construction. 

The  walls  of  a  furnace  in  which  only  a  moderate  temperature  is  to  be 
attained,  as  for  example  a  roasting  furnace,  should  be  made  at  least  13  in. 
thick,  i.e.,  1-5  brick,  in  order  to  prevent  excessive  loss  of  heat  by  radiation. 
In  furnaces  wherein  a  higher  temperature  is  to  be  maintained,  as  in  the 
case  of  distillation  furnaces,  the  end  walls  should  be  at  least  18  in.,  or  two 
brick,  thick  and  preferably  27  in.,  or  three  brick ;  the  front  walls  in  that 
particular  kind  of  furnace  are  necessarily  very  thin  and  there  is  unavoid¬ 
ably  a  great  loss  of  heat  by  radiation  from  them.  Itoof  arches  aro  com¬ 
monly  made  9  in.  thick.  It  is  sometimes  argued  that  the  roof  should  not 
be  made  thicker  than  that  even  in  high  temperature  furnaces,  in  order 
that  radiation  may  keep  the  temperature  of  the  arch  below  the  point  of 
softening  so  as  to  prevent  its  destruction,  but  that  danger  is  much  over¬ 
rated  and  with  proper  construction  in  other  respects  the  roof  may  be  made 
of  any  desired  thickness.  In'  many  furnaces  the  side  walls  are  carried 
upward  above  the  arch  and  the  spandrels  arc  filled  in  so  as  to  make  a  level 
top,  as  appears  in  Figs.  295  and  296  and  others  in  Chapter  X. 

The  roof  arch  of  a  furnace  should  be  designed  with  a  moderately  short 
radius,  especially  in  arches  which  are  to  be  exposed  to  very  high  tempera¬ 
tures.  In  the  case  of  roasting  furnaces,  where  the  temperature  is  less 
extreme,  arches  with  a  rise  of  only  12  in.  in  a  chord  of  16  ft.  (the  radius 
being  32  ft.  6  in.)  are  quite  feasible  to  construct  and  are  perfectly  durable 
in  operation,1  but  nothing  of  that  kind  should  be  attempted  in  a  distillation 
furnace,  the  arch  of  which  may  well  be  given  a  rise  of  1-5  in.  per  ft.  of 
span.  In  the  case  of  roasting  furnaces  the  arch  has  to  be  constructed  of 
fire  brick  only  for  a  moderate  distance  beyond  the  fire  bridge,  after  which 
common  red  brick  may  be  used.  Both  fire  brick  and  red  brick  should  be 
dipped  into  liquid  clay  mortar  before  laying,  and  in  laying  each  brick  should 
be  pressed  closely  against  its  neighbor  and  settled  in  position  with  a  few 
light  blows  of  the  hammer.  If  red  brick  are  being  used  for  building  the 
arch  a  moderately  soft  variety  is  preferable,  especially  for  the  construction 
of  larrre  arches,  because  hard-burned  brick,  though  stronger,  are  liable  to 
be  too  much  warped  and  irregular  to  be  used  safely;  in  any  case  the  brick 
should  be  all  carefully  selected  beforehand  and  assorted  in  such  a  manner 
that  each  longitudinal  row,  extending  the  entire  length  of  the  furnace,  will 
be  composed  of  brick  of  about  the  same  thickness.  With  fire  brick  these 

i  For  moderate  widths  a  rise  of  0-5  in.  per  foot  of  span  is  often  sufficient. 
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precautions  are  unnecessary  since  they  are  made  more  carefully  and  are 
generally  quite  uniform  in  shape  and  dimensions.  The  masonry  is  always 
better  when  it  consists  of  tire  brick  alone  and  this  may  often  be  done,  where 
fire  brick  is  cheap,  without  greatly  increasing  the  cost  of  the  furnace  In- 
using  the  inferior  grades  in  parts  which  are  not  exposed  to  high  tempera¬ 
tures. 

The  brick  in  the  arch  should  be  laid  as  headers  with  the  4-5  in.  side 
parallel  with  the  longitudinal  axis  of  the  furnace.  Every  alternate  course 
is  begun  with  a  split  brick,  which  being  only  1*4  in.  thick  causes  every  row 
across  the  furnace  to  break  joints.  An  arch  laid  in  this  manner  is  more 
stable  than  when  the  2-5  in.  side  of  the  bricks  is  laid  parallel  with  the 
longitudinal  axis  of  the  furnace.  The  preservation  of  the  proper  curvature 
of  the  arch  is  insured  by  the  occasional  interpolation  of  a  longitudinal  row 
of  wedge-shaped  or  common  key  brick  called  “bull-heads.”  These  arc  indis¬ 
pensable  for  the  center  row  when  the  final  keying  of  the  arch  is  effected. 
The  key  brick  should  be  driven  so  tight  as  to  raise  the  whole  roof  off  the 
center  on  which  it  is  built.  The  skewbacks  of  the  arch  should  be  laid 
with  specially  molded  brick,  which  are  both  cheaper  and  more  durable  than 
standard  brick  cut  to  the  requisite  shape.  In  furnace  construction  in  gen¬ 
eral  the  cutting  and  chipping  of  brick  should  be  avoided  so  far  as  possible. 
Many  of  the  odd  shapes  that  are  needed  are  made  regularly  by  fire  brick 
manufacturers  under  the  names  of  key,  split,  wedge,  soap,  checker,  jamb, 
skew,  etc.,  and  special  shapes  are  made  to  order  at  but  little  advance  over 
the  cost  of  the  standard,  weight  for  weight. 

Bud  staves  and  1  ie-Rods. — The  brickwork  of  a  metallurgical  furnace 
mu&t  be  bound  securely  with  iron,  generally  in  the  form  of  beams  for  buck- 


staves  and  round  iron  for  tie-rods.  The  beams  may  be  either  the  standard 
form  of  I  beam  or  sections  of  T  rails;  the  former  are  the  cheaper,  affording 
equal  strength  with  much  less  weight.  The  dimensions  of  the  I  beams 
used  for  buckstaves  will  depend  upon  the  force  which  they  have  to  resist, 
i.e.,  the  expansion  of  the  furnace,  the  length  between  supports,  i.e.,  between 
tie-rods,  and  their  distance  apart.  In  ironing  an  ordinary  single  hearth 
reverberatory  roasting  furnace  5  in.  I  beams  arc  usually  strong  enough,  one 
being  set  on  each  side  of  every  working  door;  distillation  furnaces  and  mul¬ 
tiple  hearth  roast.ng  furnaces  will  generally  require  heavier  beams,  how¬ 
ever.  The  dimensions  of  individual  buckstaves  depends  of  course  upon 
their  length  and  number  i.e.,  the  spacing  apart.  Cast  iron  buckstaves  arc 
sometimes  used,  especially  in  the  construction  of  distillation  furnaces  in 
Kansas  (where  they  serve  a  double  purpose),  but  genera  11  v  speaking  steel 
is  preferable.  It  will  bend  if  excess  of  strain  come  upon  it,  whereas  the  rigid 
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cast  iron  will  break.  Cast  iron  buckstaves  must  therefore  be  provided  much 
stonger  than  in  the  ease  of  steel. 

Lower  tie-rods  are  made  commonly  of  1  in.  round  iron.  I  hey  are  fre¬ 
quently  simply  hooked  into  the  foundation  of  the  furnace,  but  in  cases 
where  it  is  practicable  it  is  preferable  to  put  a  single  rod,  with  a  loop  at 
each  end,  clear  through  the  furnace.  If  they  can  be  passed  through  open 
channels  provided  in  the  brickwork,  as  can  always  be  done  easily  m  the 
case  of  long  reverberatory  furnaces,  that  makes  the  best  arrangement.  m 
precaution  must  always  be  observed  not  to  imbed  rods  in  the  biickuors. 
too  near  the  fire,  to  avoid  the  danger  of  burning  them.  In  i.ti  <i  *on 
furnaces  it  is  commonly  the  case  that  tie-rods  cannot  be  passed  through  the 
furnace,  or  even  into  the  lower  walls,  lhe  lower  ends  of  the  me  *s 
are  then  held  by  heavy  flagstones,  or  a  horizontal  rail  or  beam,  firmly  im- 
bedded  in  the  ground  and  against  them.  In  adopting  this  expet  nn  me 
is  no  trouble  from  expansion  of  lower  tie-rods,  because  there  <m  no  1 
tie-rods.1  Upper  tie-rods  have  to  be  1  Vi  in*  111  diameter  c\tn  for  mex  cia 
lengths,  unless  there  be  a  good  many  of  them,  and  when.  tlu>  iau  0  ' 

threaded  to  make  a  joint  the  ends  should  be  upset  so  that  t  ic  m  <x( 
cause  no  diminution  in  strength.  The  upper  tie-rods  nun  x  00P°  ou 
the  ends  of  an  opposite  pair  of  buckstaves  and  united  by  means  o  a  urn 
buckle,  or  they  may  be  hooked  into  l  -shaped  yokes  loo  pec  o\cr  ie 
staves  which  can  then  be  tightened  by  turning  up  a  pair  o  nu  ■  •  J 
those  methods  is  good  and  greatly  superior  to  simply  looping  the  ™ 
the  buckstaves  and  tightening  them  by  means  of  wedges,  w  nc  i  arc  - 

and  likely  to  slip,  or  to  boring  a  hole  through  the  end  of  a 
the  rod  to  pass  and  be  tightened  by  means  of  a  nut  and  wa^lui .  ’ 

if  the  buckstaves  are  of  cast  iron  they  may  neatly  and  «bcm^lo 
with  eves  for  the  rods  to  pass  through.  In  order  to  prow  e  -  1  ~ 

resistance  it  is  frequently  advisable  to  arrange  the  buckstaves  in  pairs,  in 
that  casetiie  “e-rod  will  pass  between  the  two  buckstaves  and «  a  hon- 
zontal  bar  behind  them,  being  tightened  by  a  nut  ^rewe^ L  up to the  latter 
Sometimes  each  pair  of  buckstaves  will  be  connected  by  two  rods,  in  which 
case  the  buckstaves  come  between  them  and  the  arrangemen l  is  qui  e  S1™P  * 
In  any  case,  the  buckstaves  should  be  sufficiently  long  to  permit  the  upper 
tie-rods  to  clear  the  roof  of  the  furnace,  when  cold,  by  several  inches,  inas- 


'  Geo.  A.  Paris  recommends  wedging  the 
foot  of  the  buckstave  in  an  excavatlo  - 
18X18  in.  below  the  floor  line 
with  concrete  (Handbook  of  e 

gineering,  II,  91).  Knrwna  are 

-  The  distillation  furnaces  In  Knll^s  ' 
seldom  braced  longitudinally  above  the  ro  , 


the  rods  being  carried  along  the  fronts  of 
the  furnace,  resting  on  lugs  cast  with  the 
buckstaves,  or  standards.  In  the  later  con¬ 
structions  at  Iola  they  connect  horizontal 
beams  at  the  ends  of  the  furnace.  The  hori¬ 
zontal  beams  press  against  vertical  bars  set 
in  the  brickwork. 
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much  as  expansion  will  cause  the  roof  to  rise,  when  hot,  and  the  tie-rods 
should  never  rest  upon  it. 

It  occasionally  happens  in  furnace  construction  that  pairs  of  buckstaves 
which  are  necessary  in  certain  places,  as  for  example  at  the  ends  of  solid 
walls,  cannot  be  connected  directly  because  of  a  chimney  intervening,  or 
some  other  obstacle  which  cannot  be  surmounted  by  the  upper  tie-rod.  The 
draughtsman  will  take  pains  to  space  the  buckstaves  so  as  to  avoid  such  in¬ 
terferences,  but  if  it  be  impossible  to  do  so,  the  expedient  is  to  put  a  hori¬ 
zontal  beam  of  suitable  size  behind  the  buckstaves  and  loop  the  tie-rods 
around  it  in  such  lines  as  are  clear. 

The  stress  of  the  arches  should  be  distributed  by  cast  iron  beams,  or  steel 
rails,  channel  or  angle  beams,  of  suitable  size  bearing  against  the  buck- 
staves  and  directly  behind  the  skewbacks  of  the  arches.  The  distillation 
furnaces  of  Kansas  commonly  have  cast  iron  buckstaves  (which  serve  a 
double  purpose)  spaced  26  in.  apart  and  tied  across  at  their  tops  by  %  or  % 
in.  rods.  A  4X1X14  hi.  angle  beam  distributes  the  thrust  of  the  arch.  In 
other  furnaces  the  buckstaves  are  further  apart  and  a  heavier  beam,  some¬ 
times  a  T  rail,  backs  up  the  arch.1 

In  roasting  furnace  construction,  and  other  furnaces  of  that  character, 
the  plan  is  sometimes  adopted  of  encasing  the  furnace  on  all  sides  with  cast 
iron  plates.  This  increases  the  strength  and  durability  and  presents  a 
neater  appearance.  There  is  the  disadvantage,  however,  that  the  iron  casing 
radiates  more  heat  than  the  naked  brick  walls  do.  In  the  case  of  cylindrical 
furnaces,  like  gas  producers,  lime  kilns,  etc.,  the  structural  advantages  of 
building  the  shaft  inside  a  circular  envelop  of  iron  or  steel  are  considered 
to  outweigh  the  disadvantage  of  increased  loss  of  heat  by  radiation. 

Whatever  be  the  method  of  ironing  the  furnace,  the  rule  should  be  to  put 
the  buckstaves,  or  the  enclosing  plates,  first  in  place  and  build  the  masonry 
against  them.  Beams  backing  the  skewbacks  of  arches,  and  those  set  else¬ 
where  to  distribute  the  thrust  of  the  masonry,  should  be  put  in  position 
when  the  walls  attain  the  proper  height.  In  this  way  the  brick  can  be  set 
firmly  against  the  iron  work  and  uniformity  of  bearing  is  secured.  It 
should  not  be  attempted  to  fit  the  external  ironwork  to  the  masonry  after 
the  latter  has  been  erected. 

The  expansile  force  to  which  a  high  temperature  furnace  is  subjected  is 
very  great.  M  lien  any  solid  body  expands  by  heating,  the  force  exerted  is 
equivalent  to  that  which  is  required  to  expand  the  same  substance  to  the 
same  extent  by  mechanical  means.  According  to  Trautwine,  each  12  to  l<r>° 
of  heat  on  the  Fahrenheit  scale  (equivalent  to  6%  to  814°  C.)  produces  an 

'  X  lde  drawing  of  Bertha  furnace  on  p.  4-12. 
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expansion  in  wrought  iron  corresponding  to  that  produced  by  a  tension  of 
2000  lb.  per  sq.  in.  of  section.  For  each  100°  C.  wrought  iron  expands 
0-001166  of  its  length  and  cast  iron  0-001001.  Trautwine  gives  the  lineal 
expansion  of  fire  brick  as  0-00049  per  100°  C.,  while  Kent  states  that  brick 
masonry  expands  from  0-00046  to  0-00089  of  its  length  in  the  same  range 
of  temperature.  Assuming  a  ratio  of  0-0005,  a  furnace  80  ft.  in  length, 
heated  to  1300°  C.  would  expand  13X80X6d)005=0-o7  ft.,  or  nearly  7  in. 

A  mathematical  determination  of  the  stresses  due  to  expansion  m  a  metal¬ 
lurgical  furnace  would  be  rather  a  complicated  problem.  Jhi  hearth  am 
certain  of  the  walls  are  solid  bodies,  but  other  portions  of  the  furnace  are 
open,  permitting  free  expansion  interiorally.  Other  portions  have  an  op 
portunitv  to  bend;  thus  the  arch,  if  properly  restrained  from  pushing  ou  , 
will  rise*  Expansion  in  the  furnace  is,  however,  a  real  force  and  the  buc  - 
staves  may  be  considered  as  beams,  supported  at  both  ends  and  more  or 

eccentrically  loaded.  .  ,  ,, 

In  furnaces  of  ordinary  dimensions,  properly  ironed,  the  expansion  e 
brick  work  is  met  by  releasing  the  tension  of  the  rods  a  little  when  the  lur- 
nace  is  first  heated  up,  increasing  it  again  when  the  fire  it>  ht  ou  ,  ant 
this  is  properly  attended  to  the  shape  of  the  furnace  will  be  wc  preserve 
even  after  a  long  campaign.  With  very  long  furnaces,  lovvever,  sc 
have  been  built  for  roasting  mechanically  and  for  disti  a  ion  a  oa 
elsewhere,  the  expansion  of  the  brickwork  is  an  important  con.  u  era 
If  not  properly  arranged  for,  the  furnace  is  apt  to  be  badly  thrust  out  at 
the  ends  soon  after  it  has  been  heated  up.  Some  striking  resu  s  m 
way  were  to  be  observed  in  the  early  experience  at  tola,  Kan.  n  soni<: 
the  later  furnaces  built  there  spaces  were  left  in  the  middle  longitudinal 
wall  and  in  the  roof  arch  to  permit  the  expansion  to  ta  "c  up.  or 
purpose  the  arches  of  the  long  mechanical  roasting  furnaces .are hud _  with 
checker-work  openings  in  certain  courses  at  intervals  in  the  engtt i  A 
device  adopted  by  the  manufacturers  of  the  Ropp  furnace  is  ref erred l  to  cm 
page  107.  In  some  high  temperature  furnaces,  eg.,  open  hearth  st<*l  fur 

IL,  the  ends  of  the  buckstaves  are  not  held  ^  £ 

backed  up  by  powerful  spiral  springs,  which  yield  somewhat  under  the 

TrTwoSTn  tl-  interior  ot  a  furnace,  such  as  grate  bars,  grate  bearing 
bars  etc  diould  be  set  with  the  ends  sufficiently  free  to  permit  of  their  ex- 
pans’iot'Vbich  is  twice  as  great  as  that  of  brick;  local  and  unnecessary 

thrusts  in  the  masonry  will  thus  ho  a’voidcf  *  , 

Tlic  mdboil  of  ironing  a  reverberatory  roasting  furnace  has  ton  so  clearly 
described  by  Doctor  Peters  in  bis  treatise  on  Modern  Copper  Smelting  that 
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it  is  useful  to  repeat  his  words,  inasmuch  as  the  directions  which  he  gives 
for  that  process  in  connection  with  the  construction  of  a  re\erbciatory  roast¬ 
ing  furnace  apply  in  many  respects  to  the  constiuction  ol  other  kinds  of 
metallurgical  furnaces.  The  lower  tie-rods  consisting  of  1  in.  round 
iron,  looped  at  one  end  and  hooked  or  otherwise  tied  at  the  other  are  built 
into  the  walls  when  the  latter  are  laid  and  when  the  furnace  is  com¬ 
pleted  the  loops  are  protruding  from  the  walls.  The  time  for  ironing  the 
furnace  having  come,  the  buckstaves  cut  to  the  proper  length  are  slipped 
through  the  loops  and  temporarily  wedged  therein  to  keep  them  perpen¬ 
dicular. 

“The  upper  tie-rods  may  be  made  the  same  as  the  lower,  with  a  loop  at 
each  end — the  necessary  tightening  being  effected  by  flat  iron  wedges;  or 
they  may  have  a  threaded  extremity  at  one  end  passing  through  a  corre¬ 
sponding  hole  in  the  buckstalf,  and  fitted  with  a  strong  nut ;  or,  best  of  all, 
a  small  ring  is  formed  at  one  end  of  the  tie-rod,  through  which  slips  a 
U-shaped  piece  of  round  iron,  which  fits  against  the  buckstalf,  on  the  other 
side  of  which  a  piece  of  flat  iron,  pierced  with  two  holes  for  the  free  ends 
of  the  U  is  held,  these  ends  being  threaded ;  a  nut  for  each  of  the  ends 
completes  the  apparatus,  and  presses  the  piece  of  flat  iron  tightly  against 
the  upright.  This  is  a  simple  and  highly  satisfactory  device,  and  avoids  the 
disagreeable  process  of  wedging  in  the  one  case,  or  of  punching  a  large  hole 
through  a  narrow  rail  in  the  other.  The  strain  is  distributed  over  two  bolts 
and  nuts,  and  can  be  instantaneously  increased  or  diminished ;  nor  will  the 
nuts  rust  solid  into  place,  provided  they  are  saturated  with  oil  annually, 
and  slightly  turned,  to  free  them. 

“Whatever  method  of  tightening  the  tie-rods  may  be  selected,  the  process 
of  ironing  or  anchoring  should  begin  with  the  first  tie-rod  on  the  main 
body  of  the  furnace,  nearest  the  fire  end,  and  proceed  systematically  toward 
the  rear,  thence  returning  to  the  shorter  transverse  rods  that  support  the 
arch  over  the  grate,  and  terminating  with  the  long  longitudinal  rods,  which, 
for  convenience  of  handling,  should  be  in  three  lengths,  connected  with 
hooks  and  eyes.  Up  to  this  time,  no  great  strain  should  be  put  upon  the 
rods,  everything  being  merely  brought  to  a  solid  bearing;  but  after  all  arc 
in  place,  and  the  buckstaves  evened  both  vertically  and  laterally,  the  rods 
may  be  drawn  to  the  desired  tension,  the  skewback  being  still  further  sup¬ 
ported  by  a  bar  of  1X4  in.  flat  iron,  or  better,  an  iron  or  steel  rail,  let  in 
flush  with  the  brick  work. 

“This  is  largely  a  matter  of  experience,  and  being  of  vital  importance 
should  receive  the  most  careful  attention  on  the  part  of  the  builder,  as  too 
lax  a  condition  of  the  rods  may  permit  the  entire  falling  in  of  the  arch, 
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while  the  contrary  fault  may  cause  a  positive  buckling  and  elevation  of  the 
same,  accompanied  with  a  general  cracking  and  distortion  of  the  lateral 
walls.  The  latter  accident,  in  a  moderate  degree,  is  much  more  likely  to 
occur  than  the  former,  owing  to  the  natural  tendency  to  overdo  a  measure 
essential  to  safety  and  yet  not  exactly  defined. 

‘'The  lateral  rods  should  be  tightened  until  they  begin,  when  struck  near 
the  center  with  a  hammer,  to  vibrate  rapidly,  and  to  be  but  little  depressed 
when  stepped  upon.  (It  is  almost  needless  to  sav  that  none  of  the  upper 
rods  should  touch  the  arch.)  A  simultaneous  examination  of  the  brickwork 
forming  the  upper  portion  of  the  side  walls  should  also  be  made,  as  it  is 
there  that  the  effect  of  the  curving  of  the  buckstaff  from  too  great  tension, 
and  consequent  pressure  against  the  mason  work,  is  first  visible.  The  ex¬ 
treme  limit  of  tension  is  reached  when  the  first  signs  of  this  appear,  as  noth¬ 
ing  can  be  gained  by  bending  the  uprights,  and  if  the  latter  are  sufficiently 
strong  and  numerous  the  arch  may  be  considered  perfectly  supported.  All 
the  rods  should  be  tightened  to  about  the  same  extent,  although  it  must  be 
remembered  that  the  great  length  of  the  longitudinal  rods  may  prove  de¬ 
ceptive  in  estimating  their  tension,  it  being  impossible  to  tighten  them  to 
Mich  a  degree  as  the  shorter  lateral  ones. 

’A  single  additional  precaution  is  recommended,  though  seldom  practiced 
hv  builders.  This  consists  in  breaking  up  a  few  thin  roofing  slates  into 
fragments  a  couple  of  inches  in  length,  and  driving  these  with  moderate 
force  into  whatever  crevices  may  still  be  found  in  the  surface  of  the  arch. 
*^ome  20  or  30  pails  of  liquid  mud  are  now  poured  over  the  arch,  and  the 
process  repeated  as  it  dries  until  every  crack  and  crevice  is  filled,  and  the 
roof  rendered  completely  solid  and  air-tight. 

'The  wooden  center  on  which  the  arch  was  built  should  now  be  removed 
hy  first  knocking  away  the  little  posts  that  support  it,  using  a  light  stick  of 
timber  as  a  battering-ram,  and  proceeding  from  one  side  door  to  the  next 
until  every  stick  and  batten  are  removed.  They  should  be  stored  for  future 
Use-  Any  indications  of  settling  on  the  part  of  the  arch  must  be  immedi¬ 
acy  counteracted  by  tightening  the  tie-rods;  but  when  the  precautions 
enumerated  above  have  been  carefully  observed  this  can  never  occur. 

“The  length  of  time  the  completed  furnace  may  now  stand  untouched 
uith  advantage  to  the  mason  work  is  only  limited  by  the  requirements  of 
flu*  business,  which  almost  invariably  demand  its  being  put  in  commission 
at  the  earliest  possible  moment.  TTndor  such  circumstances  a  smoldering 
fire  of  large  logs,  knots,  or  any  slow-burning  waste  material,  should  first  be 
kindled  on  the  floor  of  the  ash  pit,  the  grate  bars  not  being  put  in  place 
until  the  masonry  surrounding  the  fireplace  is  partially  dried.  Tn  12  or  18 
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hours  the  fire  is  elevated  to  its  proper  place,  and  with  a  nearly  closed  ash  pit 
door  and  partially  lowered  damper,  the  process  of  drying  proceeds  gently 
and  without  that  violent  generation  of  steam  and  vapor  that  is  sure  to  be 
accompanied  by  extensive  Assuring  of  the  brickwork  and  permanent  weak¬ 
ening  of  the  entire  structure. 

“A  careful  examination  of  the  condition  of  tie-rods  and  buckstaves  should 
be  made  every  few  hours  from  the  first  kindling  of  the  fire  until  the  furnace 
has  attained  its  full  heat  and  may  be  supposed  to  have  expanded  to  its 
utmost  limits,  although  it  may  be  a  month  or  more  before  all. evidences  of 
movement  cease.  The  first  indication  of  this  process  will  be  seen  in  the 
neighborhood  of  the  bridge  and  fireplace,  where  the  highest  temperature 
prevails.  A  bending  of  the  buckstaves,  combined  with  a  pressing  in  of  the 
skewback  line  and  an  increased  tension  of  the  cross-rods,  are  warnings  that 
may  soon  be  followed  by  either  a  complete  giving  way  of  some  portion  of 
the  ironwork,  or  more  frequently  by  a  bodily  upheaval  of  the  arch  and  gen¬ 
eral  fissuring  of  the  brickwork  unless  relieved  by  diminishing  the  strain  to 
a  corresponding  degree.  This  process  of  loosening  must  be  extended  to  the 
entire  ironwork  of  the  furnace,  and  continued  as  long  as  necessary,  the  ten¬ 
sion  being  again  increased  if  the  furnace  is  ever  allowed  to  cool  down  to  any 
considerable  degree — an  operation  more  destructive  to  it  than  many  months 
of  ordinary  wear.” 


X. 


DISTILLATION  FURNACES. 

The  zinc  distillation  furnace  considered  apart  from  the  gas  producer,  or 
fireplace,  and  the  heat  recuperative  system  and  chimney,  is  simply  a  com¬ 
bustion  chamber  in  which  the  fire  gases  are  burned  around  the  retorts  con¬ 
taining  the  ore,  the  retorts  resting  on  shelves  inside  the  chamber.  The 
furnace  is  therefore  simply  a  reverberatory  heating  furnace  in  which  the 
charge  is  contained  in  closed  vessels  and  does  not  come  into  direct  contact 
with  the  flame.  All  types  of  zinc  distillation  furnaces  are  included  under 
this  classification ;  the  various  types  differ  essentially  only  in  the  arrange¬ 
ment  of  their  retorts  and  in  details  of  construction.  At  the  present  time 
d  is  indeed  difficult  to  draw  any  sharp  distinction  between  the  distillation 
furnaces  which  are  employed  in  various  parts  of  Europe  and  America. 

Classification  of  Furnaces. — Distillation  furnaces  were  formerly 
classified  as:  1,  English;  2,  Carinthian;  3,  Silesian;  4,  Belgian-Silesian; 
and  5,  Belgian.  The  English  and  Carinthian  furnaces  were  quite  distinct 
f}pcs,  the  distillation  vessels  used  with  the  former  being  large  pots>  tiom 
which  the  vapor  passed  downward,  while  in  the  Carinthian  furnaces  \eitical 
lubes  were  employed.  Neither  of  these  furnaces  has  been  used,  however, 
for  many  years.  The  descriptions  of  the  English  furnace  which  arc  com¬ 
monly  to  be  found  in  the  textbooks  and  are  reproduced  briefly  in  this  treatise, 
because  of  their  historical  value,  are  due  to  Doctor  Percy,  who  saw  one  of 
them  in  operation  in  1859;  even  then  they  were  considered  rare.  The 
Carinthian  furnace  disappeared  even  a  longer  time  ago;  indeed  so  long 
ago  that  no  descriptions  of  it  are  now  to  bo  found  in  the  general  metal¬ 
lurgical  treatises,  but  about  20  years  ago  a  modified  Carinthian  furnace 
was  introduced  by  Binon  and  Grnndfils,  which  did  not,  however,  come  into 
general  use,  and  their  idea  has  long  been  abandoned.  The  Silesian  fur¬ 
nace  proper  has  also  gone  out  of  use.  having  been  displaced  by  a  form  first 
introduced  in  Belgium,  where  certain  modifications  from  the  old  Ubgc 
type  were  grafted"™  the  original  Silesian  furnace.  The  later  form  of 
Silesian  furnace  is  referred  to  in  some  treatises  as  the  Belgian-Silesian, 
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which  is  confusing  inasmuch  as  the  furnace  commonly  used  in  Klienidi 
Prussia  and  Westphalia,  which  stands  midway  between  the  Belgian  and 
Silesian  types,  is  also  referred  to  as  a  Belgian-Silesian  furnace. 

In  this  treatise  the  types  of  distillation  furnaces  in  use  at  the  present 
time  are  classified  as:  (1)  Silesian;  (II)  Rhenish;  and  (III)  Belgian* 
said  classification  being  adopted  merely  for  convenience,  since  there  is  no 
radical  distinction  between  the  Silesian  and  Rhenish  furnaces  and  the 


Rhenish  and  Belgian.  Each  of  these  types  is  subdivided  into  three  classes: 
(a)  direct  fired;  (b)  semi-gas  fired;  (c)  gas  fired.  The  gas  fired  and 
semi-gas  fired  furnaces  are  further  subdivided  into:  (1)  those  in  which 
heat  is  recuperated,  and  (2)  those  in  which  heat  is  not  recuperated.  In 
making  the  prime  classification  of  Silesian,  Rhenish  and  Belgian  furnaces, 
the  only  possible  distinction  is  with  respect  to  the  retorts  used  with  them 
and  the  manner  of  their  arrangement.  In  each  type  the  retorts  are  placed 
horizontally,  or  rather  with  a  slight  slope  toward  the  front.  The  typical 
Silesian  furnace  has  one  row  of  large  muffle-shaped  retorts.  The  typical 
Rhenish  furnace  of  the  present  day  has  usually  three  rows  of  elliptical  or 
muffle-shaped  retorts  of  moderate  size.  The  Belgian  furnace  lias  com¬ 
monly  four  or  more  rows  of  retorts  of  circular  or  elliptical  section.  There 
ha\e  been,  however,  Silesian  furnaces  constructed  with  two  rows  of  com- 
parathely  small  muffles,  and  such  furnaces  have  been  very  similar  to  the 
Rhenish  furnaces;  in  fact,  almost  identical  with  the  original  Rhenish  fur- 
nau.s.  On  the  other  hand,  there  are  Belgian  furnaces,  especially  the  Sic- 
mens-Belgian,  which  have  retorts  of  about  the  same  dimensions  as  are  used 
with  the  Rhenish  furnaces  and  do  not  differ  essentially  from  the  latter  type. 

uie  has  been  in  fact  a  steady^  drawing  together  of  the  original  Silesian 
and  Liege  types  of  furnaces,  each  borrowing  from  the  other,  and  modern 
furnaces  are  likely  to  become  even  more  similar. 

General  Features  of  Construction.— The  distillation  furnaces  of 
y  pc‘Si  " hich  aie  in  use  at  the  present  time  are  essentially  long 
frr  <ln^U  T  C  T?"8  refractory  material  covered  with  an  arch  springing 
nng  s'<  e  walls.  In  the  Belgian  type  of  furnace  this  chamber  is 
™,  ”ly  d”ldf  “t0  two  M|ual  I""**  ^  a  middle  longitudinal  wall.  sod 
niont  hliii  1  r  °  l'"/  blarts  by  a  middle  transverse  wall  (the  latter  arrangc- 
"nd  J  2  !?qWMy  in  but  rarely  iu  the  United  States). 

Cntr  f,lrnac?  iS  to  as  a  “Block” 

called  “furnaces."  TmTi -i"'  8S  th°  casc  may  bc’  °ften  '“of 

capacity  of  -i  l  Tt  .u'<luonGy  leads  to  confusion  in  referring  to  1 

as  the  fur, we  mbT  • **  “bet*<'P  to  eonsidor  the  entire  Mock  or  massive 
*'  smcc  although  each  division  mav  have  its  own  oporat- 
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■  crcw?  the  block  constitutes  a  single  structure  and  no  one  of  its  divisions 
would  likely  be  permitted  to  go  out  of  use  while  the  others  were  under  fire. 

In  the  case  of  the  Belgian  type,  the  furnaces  were  built  originally  with 
only  one  brigade  of  retorts ;  i.e.,  they  had  only  one  working  face,  and  such 
single  furnaces  are  still  to  be  found  in  the  United  States  at  Pulaski,  Va., 
and  at  certain  works  in  the  West  where  shelf  burners  for  roasting  the  ore 
are  built  on  an  arch  sprung  from  the  rear  walls  of  two  adjacent  iurnaces 
facing  in  opposite  directions;  also  in  the  case  of  some  of  the  natural  ga& 
fired  furnaces  in  Indiana  and  in  a  few  instances  at  Tola,  Kan.  In  Belgium, 
too,  examples  of  this  type  still  exist.  Single  furnaces  are  less  ad\antageous 
than  double  furnaces,  because  their  first  cost  is  proportionate!)  more,  while 


Belgian  Furnaces. 

,u  ^  242  the  n".rr: ' 


they  occupy  .  relatively  greater  floor  space  and  expose  an 
the  radiation  of  heat. '  The  modern  furnace  of  all  types, 
and  Belgian,  lias  two  brigades  of  retorts,  facing  in  opp  . 

“  C°DSiStS  °f 

The  Brick  Work.— The  brick  w  respectively  the  outwalk 

two  parts,  the  shell  and  the  1mm  ,  t  b  "  red  hrick,  but  the 

and  the  inwalls.  The  shell  may  be  built  ot  common  > 

lining  must  necessarily  consist  of  fire^bric^^  »»«P  in;i(Je  of  the 

to  Withstand  the  high  tempera  urew  ^  ^  tjic  combustion  chamber 

furnace.  Practically  the  only  nnpo  «  ]  •  .  .  •,  ii 

which  can  he  built  of  red  brick  is  the  outer  shell  of  the  end  walls.  The 
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latter  are  built  substantially,  often  with  a  thickness  of  25  to  30  in.,  and 
seldom  less  than  21  in. 

The  side  walls  (or  front  walls)  of  a  furnace  are  built  necessarily  in  the 
form  of  window  frames  or  pigeon-holes  for  insertion  of  the  retorts,  the 
horizontal  members  of  these  pigeon-holes  forming  shelves  on  which  the 
front  ends  of  the  retorts  rest.  The  pigeon-holes  are  built  up  of  fire  clay 
blocks  and  tile,  which  must  be  arranged  so  that  they  can  be  removed  for 
relining  the  furnace  without  disturbing  the  arch  which  constitutes  the 
roof  of  the  furnace.  In  the  original  Liege  furnaces,  which  were  very 
short,  an  arch  was  sprung  from  end  wall  to  end  wall,  and  some  old  furnaces 
showing  that  form  of  construction  are  still  to  be  found  in  the  United  States 
at  the  works  at  Carondelet  (St.  Louis),  Mo.  The  design  was  improved, 
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Figs.  244  to  246.  Method  of  Setting  Fear  Lining  Blocks  in 

Belgian  Furnaces. 

Fig.  244 :  Side  elevation,  ordinary  method.  Fig.  245 :  Front  elevation.  Fig.  240 :  Side 

elevation,  bad  method. 


however,  many  years  ago  by  setting  cast  iron  stanchions  against  each  pillar 
of  the  fire  brick  lining,  and  supporting  the  skewback  of  the  arch  on  them. 
Each  stanchion  was  cast  with  flanges  corresponding  to  the  front  shelves  of 
the  fire  clay  lining  and  cast  iron  plates  were  placed  upon  them,  thus  form¬ 
ing  a  continuation  of  the  fire  clay  shelf  and  giving  sufficient  width  to  sup¬ 
port  the  condensers.  The  facade  of  the  furnace  thus  presents  the  appear¬ 
ance  of  a  series  of  east  iron  pigeon-holes  superimposed  upon  the  fire  brick 
pigeon-holes.  The  furnace  is  stiffened  hv  buckstaves  outside  the  pigeon¬ 
holes.  which  are  securely  anchored  in  the  foundation  at  their  lower  ends 
and  tied  across  the  furnace  at  the  upper  ends.  The  end  walls  may  be 
supported  by  buckstaves  and  tic  rods  in  the  usual  manner ;  or  there  may 
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no  vertical  buckstaves  against  the  end  walls,  support  being  furnished  the 
latter  by  horizontal  rods  or  beams  which  are  tied  together  at  the  ends  by 
longitudinal  rods  resting  on  lugs  east  with  the  stanchions  (or  buckstaves) 
of  the  furnace  front— a  form  of  construction  which  is  exemplified  in  most 
of  the  direct  fired  Belgian  furnaces,  and  the  natural  gas  furnaces,  of 
Kansas.  It  is  a  common  construction,  especially  with  the  Belgian  fur¬ 
naces  used  in  the  Western  States,  to  make  the  stanchions  of  the  front  wall 
taller  than  the  roof  of  the  furnace,  tieing  them  together  at  the  upper  ends 
so  that  they  act  as  buckstaves;  in  this  case  it  is  usual  to  cast  the  stanchions 
uith  brackets  protruding  inward  on  which  to  support  an  angle-bar  carrying 
the  skewback  of  the  arch. 


i’lGs.  247  and  248.  Arrangement  of  "Niches  for  Retorts  in  Belgian 

Furnaces. 

Fig.  247  :  Vertical  section  through  center.  Fig.  248  :  Front  elevation. 

The  arch  is  sometimes  sprung  from  side  wall  to  side  wall,  and  sometimes 
from  side  wall  to  middle  wall  and  middle  wall  to  side  wall.  In  the  former 
case  the  onlv  function  of  the  middle  wall  is  to  serve  as  a  support  for  the 
inner  ends  of  the  retorts.  The  middle  wall  is  usually  built  of  fire  brick, 
which  constitutes  the  permanent  structure,  and  is  enclosed  with  fire  clay 
blocks  of  which  certain  courses  protrude  into  the  furnace  to  form  the 
shelves  for  the  retorts.  The  middle  wall  should  have  a  total  thickness  of 
as  much  as  30  in.,  but  in  the  Tola  type  of  gas  fired  furnaces  it  is  built  gen- 
eralv  21  in.  thick  and  sometimes  as  thin  as  12  in.,  there  being  in  the  latter 
ease  only  a  single  tier  of  fire  clay  blocks.  It  is  almost  needless  to  say 
that  such  light  construction  is  unsubstantial  and  not  to  be  recommended. 
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In  the  Silesian  and  Rhenish  furnaces  there  is  no  middle  wall  and  the 
arch  is  always  sprung  from  one  side  wall  to  the  other.  In  the  regular  type 
of  Silesian  furnace,  which  has  only  one  row  of  retorts,  the  latter  rest 
directly  on  the  hearth  of  the  furnace.  In  the  standard  type  of  Rhenish 
furnace  with  three  rows  of  retorts  there  are  two  longitudinal,  interior 
pigeon-hole  frames  of  refractory  tile,  corresponding  to  the  outside  walls, 
which  form  the  shelves  for  the  inner  ends  of  the  retorts.  The  external 
pigeon-holes,  or  “Capellen,”  which  are  considerably  deeper  than  in  the  Bel¬ 
gian  furnace,  are  commonly  built  with  heavy  tiling  in  the  manner  shown 
in  the  engravings  of  those  types  of  furnaces  (q.  v.).  The  Silesian  furnace, 
having  only  one  row  of  retorts,  is  simple  in  construction.  The  sides  are 
divided  by  tiles  (Grenzsteine)  about  4  in.  thick,  standing  on  edge,  which  are 
arched  over  in  such  a  way  that  they  present  the  appearance  of  a  series  of 
windows.  The  arch  is  sprung  between  the  walls  thus  formed.  The  outer 
side  of  the  walls  commonly  has  a  slight  batter  inward,  and  a  buckstave 
bears  against  each  dividing  tile.  The  arrangement  of  the  Rhenish  furnace 
is  similar,  but  there  are,  of  course,  horizontal  shelves  for  the  front  ends  of 
the  retorts  to  rest  upon,  and  to  support  the  condensers.  Holes  are  ar¬ 
ranged  in  the  shelves,  through  which  the  residues  raked  out  of  the  retorts 
drop  into  the  collecting  pockets. 

Arrangement  of  the  Retorts. — In  all  types  of  furnaces  now  in  use  the 
retorts  are  set  with  an  inclination  toward  the  front.  This  is  done  for 
two  important  reasons,  viz.:  (1)  corrosive  slags  are  drained  to  the  cooler 
portion,1  where  their  chemical  action  is  diminished;  and  (2)  it  makes  it 
easier  for  the  men  in  discharging  and  recharging  the  upper  rows.  If  the 
retorts  were  originally  set  on  a  level,  any  sinking  of  the  inner  seat  would 
cause  the  retorts  to  have  an  upward  inclination,  which  would  be  objection¬ 
able  for  both  the  reasons  given  above. 

In  the  Silesian  type  of  furnace,  wherein  the  retorts  set  directly  on  the 
hearth,  the  latter  is  commonly  given  a  slope  of  about  5°,  which  in  a  length 
of  1-7  m.  corresponds  to  a  fall  of  0-ir>5  m.  In  the  Belgian  and  Rhenish 
furnaces  the  slope  is  varied  somewhat  according  to  the  ore  that  is  to  be 
smelted.  In  Kansas  and  Missouri,  the  angle  is  commonly  between  5°  and 
7°,  corresponding  to  falls  of  4  to  G  in.  in  the  usual  retort  length  of  48  in.; 
a  fall  of  6°  (5  in.)  was  perhaps  the  most  usual  in  the  old  direct  fired 
furnaces.  Tn  Kew  Jersey  and  Pennsylvania,  where  the  slags  are  more 
corrosive,  more  inclination  is  given  to  the  retorts;  in  the  furnace  illustrated 
further  on  in  this  chapter  the  angle  is  nearly  11°. 

’The  Increase  In  temperature  toward  the  rear  end  of  the  retort  Is  indicated  hy  the  lower 
zinc  tenor  of  the  residuum  removed  from  that  portion  ;  vide  Chapter  XII. 
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In  the  Belgian  and  Rhenish  furnaces,  the  retorts  may  be  set  so  that  all 
will  be  parallel;  or  the  upper  rows  may  have  a  steeper  inclination  than 
the  lower;  examples  of  both  arrangements  will  be  found  in  the  numerous 
engravings  that  accompany  this  chapter.  In  some  of  the  older  direct  fired 
furnaces  it  was  often  the  practice  to  make  the  lower  rows  of  retorts  shorter 
than  the  upper  ones,  inasmuch  as  they  were  exposed  to  the  strongest  heat, 
while  at  the  same  time  the  middle  longitudinal  wall  was  made  correspond¬ 
ingly  thicker.  1  niformity  of  retorts  is  desirable,  as  is  also  the  fewest  pos¬ 
sible  shapes  of  the  lining  blocks,  and  in  the  modern  furnaces,  which  afford 
a  more  equable  temperature,  the  retorts  are  usually  made  of  the  same  length 
and  all  are  set  parallel. 

Longitudinally  the  retorts  have  to  be  spaced  with  such  intervals  between 
them  as  will  permit  proper  circulation  of  the  flames  around  their  exteriors 
and  will  leave  room  between  each  pair  for  the  pillars,  or  dividing  plates,  of 
the  front  wall.  In  the  Silesian  and  Rhenish  furnaces  the  latter  are  com- 
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Fig.  249.  Retort,  Condenser  and  Prolong. 

monly  about  0-1  m.,  or  4  in.,  in  thickness  and  about  the  same  space  is  left 
between  the  two  muffles  that  occupy  a  niche.  In  the  Belgian  furnace  the 
pillars  of  the  front  wall  are  curved  to  correspond  with  the  retort,  and  in 
direct  fired,  and  some  gas  fired  furnaces,  they  are  only  2%  to  3  in.  thick 
at  the  middle.  In  those  gas  fired  furnaces  in  which  air  or  gas,  or  both, 
are  introduced  at  intervals  in  the  front  walls,  the  pillars  through  which 
the  ports  pass  have  necessarily  to  be  made  wider  to  allow  for  them.  This 
leads  therefore  to  more  free  room  in  the  combustion  chamber  and  increases 
the  length  of  the  latter  correspondingly. 

The  height  of  the  niches  has  only  to  be  such  as  will  permit  easy  insertion 
and  removal  of  the  retorts.  In  the  Belgian  furnaces  of  Kansas  there  is 
usually  a  clearance  of  about  1-5  in.  between  each  retort  and  the  bottom 
of  the  shelf  next  above  it.  The-  total  height  of  the  furnace  depends  of 
course  upon  the  number  of  rows  of  retorts.  In  the  older  Belgian  furnaces 
there  were  often  as  many  as  eight  rows.  Nowadays  there  are  seldom  more 
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than  five,  and  in  Belgium  there  appears  to  he  a  tendency  to  reduce  that 
number. 

The  condensers,  of  which  the  inner  end  rests  in  the  mouth  of  the  retort 
are  supported  at  the  outer  end  by  means  of  a  half  brick  set  on  the  sill  0f 
the  niche;  or  else  on  an  iron  bar,  supported  horizontally  by  lugs  cast  with 
the  standards  of  the  furnace  front.  The  Iola  furnaces  have  two  small 
curved  castings  pivoted  in  the  front  shelf  of  each  niche,  which  when  turned 
into  position  are  just  right  to  hold  the  condenser  as  it  ought  to  be;  when 
the  condenser  is  removed  in  order  to  discharge  the  retort,  the  rest  is  turned 
aside  and  is  out  of  the  way.  Such  a  device,  of  which  modifications  will  sug¬ 
gest  themselves,  is  much  neater  and  more  convenient  than  depending  upon 
a  loose  and  clumsy  brick.  The  Silesian  furnaces  have  a  counterweighted 
door  in  Jront  of  each  niche,  which  can  be  pulled  down  or  put  up  as  may  be 
required.  This  device  does  not  find  application  in  the  Belgian  type  of 
furnace. 

The  Working  Floor  and  Inferior  Structure.— Although  the  distillation 
furnace  is  essentially  a  simple  combustion  chamber  as  above  described  and 
furnaces  involving  no  other  parts  are  to  be  found  in  use  by  the  natural 
gas  smelters  of  Indiana,  at  least,  the  modern  furnace  is  generally  a  good 
deal  more  complicated  structurally,  especially  if  it  be  equipped  with  a 
hcat-recuperative  system,  while  if  the  furnace  be  of  the  direct  fired  type, 
A\ith  a  deep  fire  box,  there  is  necessarily  a  subterranean  structure  to  give 
room  for  the  fireplace  under  the  retorts,  or  else  the  working  floor  must  be 
elevated.  It  is  rare  to  find,  therefore,  a  distillation  furnace  which  consists 
simply  of  a  combustion  chamber  built  directly  on  the  ground  level,  the 
common  arrangement  with  Belgian  furnaces  being  to  place  the  hearth  of 
the  combustion  chamber,  or  rather  the  working  floor  of  the  furnace,  because 
m  the  direct  fired  furnace  there  will  be  no  hearth,  at  an  elevation  of  !)  to  12 
ft.  above  the  top  of  the  foundation  walls.  This  gives  room  for  a  deep  fire 
box  with  access  to  the  grate  at  all  parts,  and  furthermore  permits  the 
residues  from  the  retorts  to  be  dropped  into  hoppers,  below  the  operating 

.  floor  ofJhe  furnacc  house>  fro"i  which  they  can  be  drawn  by  gravity  into 
cars.  If  the  furnace  be  of  the  recuperative  type,  it  is  common  to  arrange 
the  heat  restoring  system  directly  beneath  the  combustion  chamber,  and 
even  in  the  furnaces  wherein  heat  recuperators  are  built  separatelv,  it  * 
customary  to  build  the  combustion  chamber  so  high  above  the  ground  level 
that  the  ashes  can  be  dropped  into  collecting  pockets.  If  that  be  not  done, 
the  ashes  have  o  be  discharged  on  the  floor  of  the  furnace  house  and  sub¬ 
sequently  shoveled  into  wheelbarrows  or  cars.  Such  an  arrangement  saves 
something  m  first  cost,  but  involves  a  good  deal  of  extra  labor  and  incon- 
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venience  in  operation  and  is  not  to  be  recommended.  The  direct  fired 
furnaces  which  used  to  be  employed  in  New  Jersey  were  built  in  that  way 
and  the  same  arrangement  is  to  be  observed  at  most  of  the  works  in  Indiana. 

The  modern  type  of  distillation  furnace  being  necessarily  so  high  a  struc¬ 
ture  in  order  to  contain  a  fireplace  and  ash  pit,  or  a  heat  recuperative  sys¬ 
tem,  with  means  in  either  case  for  economical  handling  of  the  residues, 
beneath  the  combustion  chamber,  it  is  no  simple  matter  in  designing  a  plant 
to  decide  what  position  the  operating  floor  of  the  furnace  houses  shall  have 
uitli  reference  to  the  ground  level,  especially  when  the  latter  is  horizontal. 
Ihe  furnace  may  be  made  to  coincide  with  the  ground  level,  its  lower  part 


Figs.  250  and  251.  Sketch  Showing  Different  Arrangements  of 
Distillation  Furnaces  with  Eespect  to  the  Ground  Level. 


being  imbedded  in  tbe  ground ;  or  the  base  of  the  furnace  may  be  made  to 
coincide  with  the  ground  level  and  the  retorts  operated  from  a  platform 
or  an  upper  floor  of  the  building;  or  the  lower  part  of  the  furnace  may  be 
built  partly  under  ground  and  partly  above.  The  first  two  arrangements 
are  illustrated  in  the  accompanying  sketch. 

If  the  entire  lower  part  of  the  furnace  be  put  under  ground,  there  will 
be  required  a  more  or  less  extensive  system  of  subterranean  galleries  with 
poor  lioht,  poor  ventilation,  and  probably  cramped  room,  while  the  first 
cost  will  be  considerable;  unless  the  contour  of  the  ground  be  such  that 
an  adit  can  lead  directly  to  daylight,  it  will  be  inconvenient  to  remove  the 
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ashes  from  the  lower  level,  and  trouble  may  be  experienced  from  water 
unless  a  proper  drainage  system  is  provided.  On  the  other  hand,  if  the 
base  of  the  furnace  be  made  to  coincide  with  the  ground  level,  there  is  the 
expense  of  the  elevated  floor,  and  the  ore  and  coal  coming  from  the  storage 
bins  must  be  elevated  in  some  way.  The  latter  is  a  simple  matter,  how¬ 
ever,  since  if  the  ore  and  coal  be  mixed  mechanically  in  a  separate  depart¬ 
ment,  which  is  by  all  means  the  best  practice,  the  charge  will  have  to  be 
elevated  anyway,  and  it  is  of  no  consequence  whether  the 'height  to  which 
it  is  raised  be  10  ft.  or  20  ft.  The  cost  of  the  floor  will  vary  materially, 
according  to  the  load  it  is  calculated  for  and  the  style  of  construction.  It 
may  be  more  expensive  under  some  circumstances  than  a  system  of  sub¬ 
terranean  galleries,  but  even  if  it  is  the  difference  will  be  most  likely  so 
small  as  to  have  no  weight  in  view  of  the  advantages  that  are  gained.  These 
are  a  level  and  permanent  working  floor,  plenty  of  room  around  the  lower 
part  of  the  furnaces,  good  light  and  ventilation,  and  no  trouble  from 
surface  water,  while  a  large  additional  area  beneath  the  working  floor,  that 
may  be  useful  for  many  purposes,  is  gained.  When  the  furnaces  have  recu¬ 
perative  chambers,  which  are  almost  always  placed  beneath  the  combustion 
chambers,  it  is  especially  desirable  to  have  the  whole  structure  above  ground. 

In  Kansas  and  Missouri  it  is  the  common  practice  to  put  part  of  the 
base  of  the  furnace  under  ground  and  fill  in  around  it  up  to  the  operating 
floor,  whereby  the  furnaces  appear  to  stand  on  a  mound.  This  is  the  cheap¬ 
est  arrangement,  and  as  compared  with  subterranean  galleries  affords  better 
ventilation,  but  the  ashes  have  still  to  be  hauled  up  hill  out  of  the  tunnel 
and  the  latter  is  subject  to  flooding  in  wet  weather.  The  construction  ol  the 
furnace  entirely  above  ground  is  not,  however,  unknown  in  the  West,  since 
an  example  of  this  arrangement  is  to  be  seen  at  Collinsville,  Ill.  In  Belgium, 
where  the  distillation  furnaces  are  commonly  arranged  in  line,  end  to  end,  in 
long  houses,  which  are  in  many  cases  built  on  sloping  ground,  it  is  a  general 
practice  to  make  the  working  floor  even  with  the  ground  level  on  the  up-hill 
side,  and  have  the  sub-galleries  lead  out  on  the  down-hill  side;  instead  of  the 
galleries,  an  open  room  around  the  furnaces  is  provided  under  the  entire 
working  floor  in  some  cases.  The  latter  arrangement  appears  to  be  the 
general  tendency  in  the  design  of  the  newer  works,  and  where  the  ground 
does  not  slope  the  working  floor  is  set  at  the  required  height  above  it,  being 
supported  by  steel  beams  and  brick  arches. 

English  Furnaces.  The  distillation  furnaces  formerly  used  in  Great 
Britain  were  very  similar  in  design  to  the  pot  furnaces  which  until  lately 
have  been  employed  for  the  manufacture  of  glass.  The  original  Silesian 
I  urnace  was  of  an  analogous  type,  which  was  due  possibly  to  the  fact  that 
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zinc  distillation  was  introduced  into  Upper  Silesia  from  Great  Britain. 
Doctor  Isaac  Lawson  is  reported  to  have  first  invented  a  practical  method  of 
extracting  zinc  from  calamine  in  Great  Britain  and  to  have  erected  works 
for  that  purpose,  while  according  to  Pryce  zinc  works  were  first  erected  at 
Bristol  by  John  (  hampion,  to  whom  a  patent  appears  to  have  been  granted 
in  1739,  which  long  antedates  the  work  of  Dillinger  in  Carinthia,  Ruhberg 
in  Upper  Silesia,  and  Donv  in  Belgium.  The  English  furnaces  differed 
from  other  types  by  distilling  the  zinc  per  descensum  instead  of  per  as- 
censutn. 


Fig.  252.  English  Distillation  Furnace. 


The  English  distillation  furnace  was  either  square  or  circular  in  plan, 
the  latter  form  being  preferred.  In  tbe  center  of  the  hearth  there  was  a 
fireplace,  around  which  were  arranged  from  six  to  eight  fire  clav  crucibles, 
of  which  the  dimensions  were:  1*37  m.  height,  (LOG  m.  diameter  at  the  top 
and  (K3G  m.  at  the  bottom,  each  of  those  crucibles  containing  1G7  kg.  of 
roasted  blende.  The  bottom  of  each  pot  had  a  hole  corresponding  to  a 
hole  in  the  hearth  of  the  furnace;  the  hole  in  tbe  pot  was  stopped  with  a 
plug  of  wood,  which  being  converted  into  charcoal  during  tbe  process,  was 
rendered  sufficiently  porous  to  permit  the  passage  of  zinc  vapor  while  pre¬ 
venting  the  escape  of  the  small  coal  or  calcined  mineral.  Connecting  with 
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the  pot  there  was  a  sheet  iron  tube  b,  which  was  supported  by  the  arrange¬ 
ment  shown  in  the  accompanying  engraving,  in  which  d  is  an  iron  yoke 
and  ee  are  movable  iron  rods  which  are  held  in  position  by  the  set-screws  ff 
A  close  contact  was  thus  made  with  the  bottom  of  the  pot.  After  the  zinc 
began  to  distill  off,  a  longer  tube  c  was  attached  to  the  short  tube  b.  The 
zinc  dripping  down  from  this  tube  was  collected  in  an  iron  vessel  placed 
conveniently  for  its  reception.  As  the  tubes  were  liable  to  become  choked 
by  the  condensed  metal,  it  was  necessary  to  clear  them  from  time  to  time 
by  the  insertion  of  an  iron  rod,  since  they  might  otherwise  become  entirely 
closed  and  give  rise  to  explosions. 

The  arch  of  the  furnace  was  2-13  m.  high  above  the  hearth.  The  flames 
from  the  fireplace  played  around  the  crucibles  and  escaped  through  the 


hiG.  253.  Pot  and  Condenser  of  English  Furnace. 


flue  g  into  the  chimney.  The  crucibles  were  inserted  in  the  combustion 
chamber  through  the  openings  n  in  the  sides,  these  openings  being  bricked 
up  alter  the  crucible  was  in  place  save  for  the  small  holes  ee,  which  could 
be  opened  to  admit  air  to  the  combustion  chamber  or  permit  repairs  to  be 
made  on  the  crucibles.  In  the  arch  there  were  holes  over  each  crucible, 
through  which  the  charge  was  shoveled  into  the  crucibles  and  the  covers 
of  the  latter  were  luted  on,  these  openings  being  closed  by  the  plate  i.  In 

tin  engraving,  d  is  the  stoking  door  and  h  a  damper  for  regulating  the 
draught. 


In  operation  the  crncibles  wore  filled  with  the  proper  charge,  the  cover, 
utea  on  and  the  doors  i  in  the  wall  of  the  furnace  closed.  At  the  end  of 
c  operation  the  crucibles  were  discharged  by  removing  the  condensing 
p  pc  from  the  bottom,  breaking  out  with  a  bar  the  charcoal  by  which  the 
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hole  was  partly  closed  (luring  the  distillation,  and  discharging  the  residue 
through  the  aperture. 

The  distillation  time  ranged  from  65  to  68  hours,  during  which  1016  kg. 
of  blende  would  yield  304*8  to  406*4  kg.  of  zinc,  with  a  consumption  of 
22  to  27  parts  of  coal  per  part  of  zinc.  The  duration  of  the  pots  was 
calculated  to  be  about  four  months.  The  zinc  produced  had  necessarily  to 
be  remelted  in  order  to  obtain  plates  of  spelter  from  the  solid  drop  zinc 
mixed  with  blue  powder  and  oxide.  The  high  consumption  of  coal  in 
these  furnaces  led  to  their  abandonment  and  none  has  been  in  use  since 


about  1859  or  1860. 


Carinthian  Furnaces. — At  Delacli,  near  Greifenburg,  in  the  Drauthale, 
Carinthia,  distillation  furnaces  with  small,  vertical  retorts  were  used  in  the 
early  part  of  the  last  century.1  These  were  closed  at  the  upper  and  wider  end 
and  terminated  at  the  lower  end  in  a  tube  through  which  the  zinc  vapor 
passed  into  a  common  condensing  chamber,  the  bottom  of  the  latter  being 
formed  of  an  iron  plate  on  which  the  zinc  dropped.  The  tubes  were  1  m. 
long,  0*114  m.  in  diameter  at  the  upper  end,  and  0*082  m.  at  the  lower  end. 
They  were  charged  with  2*5  to  3  kg.  of  ore  per  tube,  a  space  0*1  m.  high 
being  left  in  the  upper  part  of  the  tube  which  was  filled  with  small  pieces 
of  coal.  The  furnace,  which  was  heated  with  wood,  comprised  135  retorts, 
only  84  of  them  being  charged  with  ore,  however.  The  management  of 
such  a  large  number  of  small  tubes  was  so  difficult  and  costly,  involving  a 
high  consumption  of  fuel  and  a  poor  extraction  of  metal,  that  this  furnace 
has  long  been  forgotten.2 

In  recent  times  furnaces  with  vertical  retorts  of  greater  diameter  have 
been  proposed  and  used  experimentally,  especially  for  the  smelting  of  zinc 
ore  which  contains  lead.  Binon  and  Grandfils,  Keil,  Gruetzner  and  Koehler 


and  Chenhall  have  described  furnaces  of  this  type.3 

Binon  and  Grandfils  Furnace  —  The  furnace  of  Binon  and  Grand  fils,  winch 
is  shown  in  the  accompanying  engraving,  had  12  to  16  elliptical  retorts, 
2*4  m.  long  and  0*4  m.  in  diameter,  which  were  fire  clay  tubes  resting  in 


1  Ilollunder,  Tagebuch  elner  metallur- 
Rischen  Reise,  Ntirnberg,  1824,  p.  273 ;  and 
Knapp’s  edition  of  Percy’s  Metallurgy*  p. 
550;  a  detailed  account  of  the  practice  at 
Delacli  may  be  found  in  tbe  latter  treatise. 

2  The  early  experiences  of  zinc  smelting  in 
Carintlda  are  of  considerable  historical  in¬ 
terest,  inasmuch  as  it  is  not  unlikely  that 
tbe  first  practical  work  on  the  Continent  of 
Europe  was  done  there.  Anyway,  the  industry 
was  established  at  about  the  same  time  as  in 

Silesia.  Bergrath  Dillinger,  of  Klagenfurt, 
who  was  later  appointed  director  of  all  the 


zinc  works  of  Austria,  built  the  smeltery  at 
Ddllach,  near  Grosskirchheim,  in  the  M611- 
tliale,  in  1700;  in  1801  he  built  the  plant 
at  Delach,  the  furnaces  of  which  were  de¬ 
scribed  by  Ilollunder. 

3  Binon  and  Grandfils,  Dingler’s  Polytech. 
.Tourn.,  CCXXXV,  222:  Oest.  Zts.,  1881,  p. 
325 ;  Rev.  univers.  des  mines,  1S70.  V,  i, 
228;  Berg-  u.  Iliittemn.  Ztg.,  LXXX,  10; 
also  Keil,  Berg-  u.  Huttenm.  Ztg.,  LXXXVI II, 
110;  Gruetzr>er  und  Koehler,  German  pat¬ 
ent,  No.  58,026,  Sept.  25,  1889;  Chenhall, 
Oest.  Zts.,  1880,  p.  462. 
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the  cast  iron  groove  of  a  box  or  boot  c,  which  was  supported  on  a  brick 
column  b.  The  joint  between  the  retort  proper  and  the  cast  iron  boot  was 
made  tight  by  packing  with  clay.  The  end  of  the  boot  was  closed  with  a 
plate  d,  which  was  removable  to  discharge  the  residues.  In  the  plate  there 
was  a  tap-hole  for  drawing  off  the  lead.  The  upper  end  of  the  retort  was 
closed  by  the  plate  e,  and  connecting  with  the  retort  near  the  top  was  the 
condenser  f,  supported  on  the  tiles  h,  which  formed  niches  g,  in  the  side 
walls  of  the  furnace.  The  furnace  was  heated  from  a  producer,  whence 
the  gas  was  drawn  through  the  combustion  chamber  in  which  the  retorts 
stood,  the  latter  being  set  with  their  major  axes  parallel  with  the  long 


Fig.  254.  Braosr  and  Gk  and  fils  Furnace. 

axis  of  the  furnace.  In  operation  the  lower  parts  of  the  retorts,  up  to  the 
level  of  the  hearth  of  the  combustion  chamber,  were  filled  with  small  coke 
and  exhausted  residues;  the  charge  was  then  put  in  and  the  covers  luted  on. 
After  the  distillation  \sas  completed,  the  residues  were  discharged  through 
the  opening  d,  lead  ha\ing  been  tapped  ofT  in  the  meanwhile  from  the  tap* 
hole  in  the  latter  and  zinc  from  the  condenser  f.  Metallurgical  literature 
contains  no  record  of  the  economical  results  obtained  from  these  furnaces, 
which  if  my  recollection  be  correct,  were  tried  experimentally  at  Stolbcrg, 
Rhenish  Prussia,  about  1S80.  The  fact  that  they  did  not  come  into  regular 
use  leads  fo  the  inference  that  they  were  not  successful,  or  at  least  presented 
no  advantage  over  the  regular  furnace  of  that  time. 
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Messrs.  Li  non  find  (irundfihs,  of  whom  the  former  was  engineer  of  the 
Bhein-Nassau  company,  considered  that  the  advantages  of  their  furnace 
would  be  ability  to  smelt  more  corrosive  mixtures  because  of  the  increased 
durability  of  the  vertical  retorts,  saving  of  time  in  charging  and  discharg¬ 
ing,  and  the  production  of  a  purer  spelter,  inasmuch  as  the  reduced  lead 
would  sink  to  the  cool  part  of  the  retort,  where  it  would  not  suffer  volatili¬ 
zation.  Modern  practice  has  demonstrated  the  commercial  feasibility  of 
smelting  corrosive  ores  in  the  ordinary  type  of  Belgian  furnace  without 
danger  of  producing  a  spelter  excessively  contaminated  with  lead,  and  of 
late  but  little  attention  has  been  given  to  the  use  of  vertical  retorts. 

Chenhall’s  Experiments. — TheChcnhall  furnace, which  was  invented  about 
1880  and  is  referred  to  in  the  technical  journals  of  that  period,  was  never 
used  practically.  Mr.  James  W.  Chenhall  has  informed  me,  in  a  private 
communication,  that  the  Swansea  Zinc  Ore  Co.  being  then  engaged  in  work¬ 
ing  some  ores  with  a  tenor  or  40%  Zn  and  15  to  20%  Pb,  he  conceived  the 
idea  that  by  distilling  off  the  zinc  in  a  vertical  retort  (gas  fired)  the  lead 
reduced  during  the  distillation  of  the  zinc  would  percolate  downward 
through  the  charge,  without  penetrating  the  sides  of  the  clay  retort,  and 
would  collect  in  a  suitable  receiver  at  the  bottom  of  the  retort,  whence  from 
time  to  time  it  might  be  drawn  off.  Experiments  on  a  small  scale  demon¬ 
strated  that  by  effecting  the  distillation  of  the  zinc  in  a  vertical  retort  the 
lead  was  preserved  in  a  recoverable  condition  for  a  far  longer  time  than 
when  it  was  attempted  with  the  same  vessel  placed  in  a  horizontal  or  in¬ 
clined  position.  The  laboratory  experiments  indicated  so  strongly  the 
probable  success  of  the  furnace  on  a  larger  scale  that  money  was  voted  for 
its  erection,  but  for  various  reasons  the  plan  was  never  carried  out. 

Keil  Furnace. — This  furnace1  was  described  by  Doctor  B.  Kosmann  in 
Berg-  u.  Hiittenm.  Ztg.,  1888,  p.  11G  et  seq.,  but  he  did  not  state  that  it 
had  been  given  a  practical  trial.  It  was  designed  as  a  gas  fired  furnace 
containing  one  or  more  vertical  retorts,  the  contemplated  dimensions  of 
which  were  3  m.  height,  0-3  m.  width  (outside)  at  the  bottom  and  0-2  to 
0-25  m.  at  the  top,  and  04  to  0-5  m.  length.  If  the  distillation  products 
were  drawn  off  from  both  the  narrow  sides  it  was  considered  that  the  length 
might  be  0-75  to  0-8  m.  The  bottom  of  the  retort  was  arranged  with  a  tap- 
hole  whence  reduced  lead,  matte  and  slag  could  be  drawn  off.  Condensers 
for  zinc  vapor  were  connected  with  the  side  of  the  retort.  Ore,  mixed  with 
coal,  was  io  be  charged  in  at  the  top,  and  the  non-volatile  residuum  was  to  bo 
fused.  Tt  was  thus  contemplated  to  conduct  the  distillation  and  smelting 
continuously. 


1  German  pate,  t,  No.  H),7G8. 
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SlLESLAX  FURNACES. 

Direct  Fired.— The  original  Silesian  furnaces  partook  largely  of  the 
nature  of  gla^melting  furnaces,  in  which  respect  they  bore  a  strong  re¬ 
semblance  to  the  English  furnaces,  which  is  not  surprising  inasmuch  as  the 
process  of  zinc  smelting  was  introduced  in  Upper  Silesia  from  England. 
So  far  as  I  know,  there  are  no  existing  drawings  of  the  original  Silesian 
furnaces,  but  I  conceive  that  they  must  have  been  similar  to  the  English 
furnaces  which  are  described  by  Percy,  in  view  of  the  fact  that  Ruhberg  in 
his  first  experiments1  utilized  a  wood  fired  circular  glass  furnace  and  dis¬ 
tilled  the  ore  in  pots.  Even  after  muffles  were  substituted  for  pots  the  cir¬ 
cular  form  of  the  furnace  appears  to  have  been  retained.*  The  development 
from  these  original  types,  which  is  commonly  referred  to  as  the  old  Silesian 
furnace,  was  in  general  use  in  Lpper  Silesia  up  to  a  coin  pa  rath  eh  recent 

time.  . 

Old  Form  Used  in  Upper  Silesia.— The  old  Silesian  furnace  consisted  of 

a  rectangular  combustion  chamber,  in  which  20  mufflo,  10  on  a  side,  wen.* 
placed  through  arched  windows  in  the  side  walls  around  a  grate  in  the 
center  of  the  hearth.  The  arrangement  is  illustrated  in  the  accompanying 
engravings.  The  furnaces  were  commonly  built  in  pairs  with  chain U. r- 
between  each  pair  for  the  calcination  of  calamine.  The  flames  from  the 
fireplaces  played  around  the  muffles  and  escaped  partly  into  the  calamine 
calcination  chambers,  partly  into  the  chambers  for  annealing  retort?  an  * 
remelting  spelter,  arranged  at  the  oppoite  end  of  the  furnace,  and  par\y 
through  openings  in  the  roof  directly  into  the  furnace  house.  The  furnace 
had  short  chimneys  over  the  calamine  calcination  c-hamtiers  and  retort  tem¬ 
pering  and  zinc  remelting  ovens,  but  the  combustion  products  of  the  fni 
(a  lean,  short-flame  coal)  escaped  largely  into  the  furnace  sheds,  which 
according  to  all  accounts  were  extremely  smoky  and  highly  disagT>--ahl‘' 
places  to  work  in.  The  condensers  were  of  the  old  knee  form  which  pr,v 
duced  drop  zinc.  The  consumption  of  coal  was  very  high,  one  part  of  z'DC 
requiring  20  parts  of  coal,  and  the  loss  of  metal  was  also  high,  amounting 
to  36%  or  more,  yet  notwithstanding  those  disadvantages  these  furnaces 
were  in  use  up  to  about  30  years  ago.  That  the  Silesian  smelters  were  *hle 
with  them  to  compete  w  ith  the  Rhenish.  Westphalian  and  Belgian,  is  at  ' 
uted  by  Kerl*  to  the  low  prices  of  labor  and  raw  material  which  prevailed 

•DnkvkrKt  rar  Vfirr  dm  fufxicjihrlgm  Alwnt  that  time  tb<*  width  wa*  redout 
Rectehms  tier  IMIWIattnlBUiatif,  p.  3.  half  aod  tV  enfflfs  assumed  _ 

*  Hid.  p.  7  The  muSes  wed  prerlow  to  their  present  form,  which  was  an  ,rnrr  ~ 

were  iU«t  4  ft.  !<ag  and  12  to  13  la.  ment  of  great  Importance.  ^ 

width  and  height,  inside  measurements.  *  Ctradrisa  der  Metallhdttcnkunde,  R 


DISTILLATION  FURNACES. 


307 


in  Upper  Silesia  and  tlic  comparatively  small  first  cost  of  the  Silesian 
works. 

In  the  accompanying  engravings,  reproduced  from  Korl,  an  are  the  cala¬ 
mine  calcination  chambers,  placed  between  a  pair  of  furnaces,  and  com- 


Figs.  255  and  25C.  Old  Silesian  Furnace. 

Fig.  235 :  Plan.  Fig.  256:  Longitudinal  vertical  section. 


municating  with  the  distillation  chamber  of  each  by  the  flues  k;  g  is  the 
arch  of  the  distillation  chamber,  0*89  m.  high  above  the  hearth  ;  b  is  the  fire¬ 
place,  1-66  in.  long,  0-39  m.  wide  at  the  bottom  and  047  in.  wide  at 
the  top,  the  grate  being  0*78  m.  below  the  hearth ,  dd,  etc.,  are  20 
muffles  of  which  12  are  small  and  eight  are  large,  the  long  muffles  being 
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arranged  to  overlap  the  fireplace  at  the  ends  as  shown  in  the  plan;  the 
muffles  were  0*56  m.  high  and  0*25?  m.  wide  at  the  bottom  and  0-25  m.  wide 
at  the  top,  outside  measurements,  arranged  in  pairs  in  niches  0-73  m. 
high  and  0-65  m.  wide  and  1-33  m.  deep,  the  niches  being  built  with  walls 
0-1  m.  thick;  c  is  the  stoke  hole,  0-55  m.  above  the  furnace  th>or,  opening 
into  the  so-called  throat  (Soli luml)  in  the  distillation  chamber;  hh  are 
small  low  chimneys;  e  is  the  muffle-annealing  chamber,  1-S8  m.  long,  0-71 
m.  wide  and  0*42  m.  high:  f  is  a  chamber  containing  a  kettle  for  remelting 
the  drop  zinc;  z  is  a  tunnel  2*2  m.  high,  with  a  cross  tunnel  ir;  q  is  a  tile 
closing  the  opening  in  the  muffle  through  which  residues  are  drawn  out; 
r  o  m  is  the  condenser  of  which  the  details  are  shown  in  another  engraving; 
«  is  the  chamber  in  which  the  drop  zinc  collects,  this  as  well  as  the  front  of 
each  niche  being  closed  by  a  door. 


Fig.  257.  Old  Silesiax  Furxvoe, 


Transverse  vertical  section. 


OIJ  Form  used  in  Great  Britain. — Furnace's  of  precisely  the  same  type 
were  employed  aliout  the  same  time  in  Great  Britain,  but  the  fat  coal  of 
the  latter  country  permitted  good  results  to  be  obtained  with  the  stronger 
draught  produced  by  chimneys.  A  British-Silesian  furnace,  used  at  Idan- 
samlet.  Wales,  is  -hown  in  the  accompanying  engravings.  These  furnace* 
had  no  accessory  chambere  for  calcining  calamine,  tempering  muffles  or  re- 
melting  zinc.  The  distillation  chamber  contained  24  muffles  and  the  fireplace 
abutted  one  of  the  end  walls  instead  of  being  placed  in  the  middle  of  the 
hearth.  he  products  of  combustion  passed  through  flue's  over  the  muffle* 
inio  longitudinal  flues  on  top  of  the  furnace  and  thence  to  the  chimnev  at 
the  opposite  end  from  the  stoking  door.  Otherwise  the  design  and  detail* 
of  construction  were  substantially  the  same  as  with  the  furnaces  used  in 
l  pper  Silesia. 
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T  ios.  258  AND  259.  Silesian  Furnace  Used  at  Llansamlet,  Wales, 

Fig.  258:  Longitudinal  vertical  section.  Fig.  259:  Horizontal  section. 
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ment  is  shown  in  the  accompanying  engravings.  The  modified  type  was 
adapted  to  the  Silesian  conditions  by  making  the  fireplace  deeper  and  car¬ 
rying  a  bed  of  clinker  about  0-25  m.  deep  on  the  grate,  thus  producing  a 
species  of  semi-gas  firing  similar  to  that  which  is  practiced  with  the  Welsh 
clinker  grate,  as  has  been  described  in  a  previous  chapter.  It  became  pos- 


Figs.263and264.  Furnace  formerly  Used  at  Valentin-Coco,  Belgium- 

Fig.  203 :  Horizontal  section  on  line  AH  of  Fig.  204  and  plan  of  hearth.  Fig.  204  :  Longi¬ 
tudinal  section  and  front  elevation.  Dimensions  are  in  meters.  This  furnace  is  the  same 
aa  shown  in  Fig.  265,  but  engraved  on  a  smaller  scale. 


sible  thus  to  elongate  the  flame  of  the  lean  Silesian  coal  so  as  to  obtain  the 
same  results  as  with  the  more  gassy  Belgian  coal.  A  further  improvement 
in  the  firing  was  the  introduction  of  a  blast  of  air  forced  by  means  of  a  fan 
or  an  inspirator,  under  the  grate,  the  ash  pit  being  of  course  tightly  closed. 
Other  furnaces  nerc  run  with  an  upper  wind,  the  air  being  conducted 
through  flues  in  the  hearth  under  the  muffles  and  discharged  through  open¬ 
ings  in  the  fireplace  above  the  bed  of  fuel. 
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Besides  the  improvements  in  the  method  of  firing,  the  old  knee-form  con¬ 
densers  were  abandoned  in  favor  of  the  straight  or  bellied  condensers,  such 
as  were  used  with  the  Belgian  furnace,  whereby  the  necessity  for  remelting 
the  zinc  was  obviated,  and  a  less  quantity  of  between  product  was  made, 
though  the  spelter  was  not  so  pure  as  the  drop  zinc.  The  hearth  was  given 
a  slight  inclination  toward  the  outer  sides,  so  that  in  the  muffles  resting 
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Fig  265  Furnace  formerly  Used  at  Yalentin-Cocq,  Belgium. 

Transverse  vertical  section  on  line  EF  of  Fig.  264.  Dimensions  in  meters. 


upon  it  the  slags  would  run  toward  their  outer  and  cooler  end,  whereby  its 
corrosive  effect  was  lessened.  Furthermore  the  tunnels  under  the  furnace 
were  arranged  so  that  the  residues  from  the  retorts  could  be  dropped  into 
them  through  holes  in  the  niches,  thus  permitting  of  economy  in  labor  and 

increasing  the  comfort  ol  the  furnacemen. 

Bv  virtue  of  these  improvements  it  was  possible  to  increase  the  number 
of  retorts  in  the  distillation  chamber  to  32  (16  per  side)  or  even  40  with 
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long  flaming  coal,  and  at  the  same  time  maintain  a  more  even  temperature 
with  a  smaller  consumption  of  coal,  which  increased  the  durability  of  the 
retorts  and  the  percentage  of  zinc  extracted,  besides  the  saving  in  coal,  the 
consumption  of  which  was  eventually  reduced  to  six  to  eight  parts  per 
part  of  zinc.  Moreover  the  products  of  combustion  being  discharged 
through  chimneys  instead  of  to  a  large  extent  into  the  furnace  houses,  the 
latter  became  more  healthful  places  in  which  to  work  and  the  efficiency  of 
the  men  was  increased.  The  calamine  calcination  chambers  arranged  be¬ 
tween  a  pair  of  furnaces  of  the  original  type  wrere  preserved,  hut  these  are 
not  an  essential  part  of  the  furnace  and  at  the  present  time  some  furnaces 
are  to  be  found  with  them  and  some  without  them. 

Owing  to  the  difficulty  in  regulating  the  temperature  of  the  condensers  in 


Fig.  266.  '  Furnace  formerly  Used  at  Yalentin-Cocq,  Belgium. 

Elevation  of  niches.  Dimensions  in  meters. 

the  Silesian  furnaces  where  two  condensers,  each  corresponding  to  a  retort 
in  the  furnace,  are  contained  in  a  niche  (Kapelle),  separated  from  each 
other  by  brick  walls,  wherefore  those  muffles  first  charged  would  be  hotter 
than  those  muffles  last  charged,  at  some  works  the  solid  partition  walls  of 
the  Kapellen  were  abandoned,  open  eastings  or  iron  plates  pierced  with  holes 
being  substituted  for  them.  The  condensers  of  each  side  of  the  furnace 
were  contained  thereby  in  practically  one  large  chamber,  instead  of  in  a 
number  of  small  ones,  and  an  even  temperature  could  be  maintained  therein. 
This  was  found  to  be  better  than  to  attempt  to  regulate  the  temperature  of 
each  pair  of  condensers,  a  task  that  is  indeed  beyond  the  capacity  of  the 
ordinary  workman,  although  the  temperature  in  the  large  chamber  might 
not  correspond  to  the  requirements  of  the  condensers  indifferent  parts  of 
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the  furnace.1  Cochlovius  patented  an  open,  cast  iron  supporting  frame  to 
replace  the  clay  plates  ordinarily  used  between  the  niches  (vide  Fig.  275).2 

The  general  features  of  the  construction  of  a  direct  fired  Silesian  furnace 
mil  be  understood  without  further  description  from  the  accompanying 
engravings,  which  show  a  furnace  essentially  like  those  formerly  used  at 
Valent in-Cocq,  Belgium.  The  furnaces  used  in  Upper  Silesia  are  the  same, 
save  that  they  are  sufficiently  wider  to  receive  muffles  about  1-7  m.  long. 
Two  furnaces  are  commonly  combined  in  a  block,  with  muffle  tempering 
chambers  between  them,  and  a  central  chimney. 


NUMBER  AND  KINDS  OF  DISTILLATION  FURNACES  IN  USE  IN  UPPER  SILESIA. 


Year 

1891 

1901 

Kind  of  furnace 

Direct 

Gas 

Siemens 

Direct 

Gas 

Siemens 

Name  of  works 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

8 

640 

Ueuthener 

8 

228 

d  16 

Carls. 

10 

320 

10 

320 

Clara 

12 

26 

288 

720 

i2 

26 

288 

720 

Fannv  Fr«n7 

Flora 

c6 

e216 

Franz 

<i3 

tz272 

8 

2 

c20 

256 

48 

c2,720 

Kgl,  Friedrichs 

2 

68 

48 

6500 

Godulla . 

Guidot  to 

612 

16 

72 

18 

20 

44 

6748 
512 
2 .304 
672 

704 

1,472 

30 

72 

1,758 

2,304 

Hohenlohe 

Hugo 

c20 

/->0 

c2,400 

/960 

Kunigunde . 

Lazy. 

63 

6192 

2 

120 

10 

368 

LiebehofTnungs 

40 

2,214 

Lydognia . 

Norma 

13 

348 

4 

12 

272 

776 

12 

d 

792 

d 

Pauls. 

Rosam  untie 

16 

8 

512 

284 

16 

d 

512 

d 

d 

60 

60 

d 

1,978 

1,984 

Silesia  1 1 

60 

56 

1.976 

1,880 

Silesia  III 

8 

1U 

264 
i  240 

10 

324 

*iicicPla*  . . •  •  . 

Thurzo 

( 

10 

280 

Wilhelmine . 

Totals.  .  . 

30 

2,028 

30 

2,028 

104 

k  3,096 

i  316 

,  10,860 

58 

3,744 

74  2,212 

294 

1 

11,410 

.  v  ••  4  Va 

134 

10,436 

a  Semi-gas  fired,  b  Double  furnaces,  c  Double  furnaces  with  two  or  three  rows  of 
muffles.  «/  The  statistics  of  the  Ueuthener  and  Uosamundchiitte  are  combined,  e  Recupera- 
live  furnaces,  f  Furnaces  with  two  rows  of  muffles.  A’  Number  of  furnaces.  Jf  Aggregate 


number  of  muffles. 

Gas  Fired. _ At  the  present  time  most  of  the  distillation  furnaces  in  use 

in  Upper  Silesia  are  gas  fired.  The  simple  gas  fired  furnaces  differ  from 
the  direct  fired  only  by  dispensing  with  the  fireplaces  and  introducing  the 
combustible  in  gaseous  form  from  a  producer  built  usually  at  one  side  of 

'  Denkschrtft  zur  Feler  dcs  fiinfzigjiihrl-  5  Dingier 's  Polytech.  Journ..  CCXXXVII, 
gen  Restehens  dor  Wilhelminezinkhiltte,  p.  301  ;  German  patent,  No.  0128. 
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the  furnace.  Gas  firing  has  made  it  possible,  however,  to  employ  efficient 
systems  of  heat  recuperation,  and  through  the  feasibility  of  introducing  the 
gas  at  numerous  points  and  of  elongating  the  flame  to  almost  any  extent 
desired  the  distillation  chamber  has  been  increased  greatly  in  size,  so  that 
the  latest  furnaces  at  the  Bernhardihiitte  of  G.  von  Giesche's  Erben,  a  com¬ 
pany  which  has  always  been  in  the  lead  in  the  utilization  of  gas  fired  re¬ 
generative  furnaces,  have  80  muffles,  40  per  side,  the  largest  previously  iu 
use  in  Upper  Silesia  having  only  72.  The  Bernhardihiitte  was  built  in 
1897  and  1898.  The  number  and  types  of  distillation  furnaces  in  use  in 
1  pper  Silesia  at  the  end  of  1891  and  1901  are  given  in  the  foregoing  table 
which  shows  the  increasing  tendency  toward  the  employment  of  gas  firing. 

The  foregoing  table,  which  is  compiled  from  the  Statistik  dor  Oberschles- 


Fig.  207.  Gas-fired  Silesian  Furnace. 

Vertical  section  on  line  AB  of  Fig.  268. 


ischen  Berg-  und  Iliittenwerlee,  although  probably  containing  some  errors,  is 
neveitheless  valuable  as  indicating  the  general  tendency  of  the  decade  toward 
Siemens  furnaces  and  recently  the  adoption  by  several  works  of  furnaces 
with  two  or  three  rows  of  small  muffles.  Of  the  old  type  of  furnaces,  includ¬ 
ing  direct  fired  and  gas  fired  of  all  kinds,  the  number  of  muffles  per  furnace 
m  some  of  the  works  was  as  follows :  Bernhardi,  80 ;  Carls,  32  ;  Clara,  2 1 ; 
Flora,  30;  Franz,  32 ;  Hohenlohehutte,  32;  Norma,  68;  Pauls,  32  (direct 
bred)  and  00  to  72  (gas  fired)  ;  Tlmrzo,  28.  Of  the  furnaces  with  two  or 
three  rows  of  muffles,  those  at  the  Godullahiitte  have  136;  at  the  Lazyhiitte, 
48 ;  at  the  Hugohiitte,  120.  A  new  plant  now  in  course  of  construction  at 
Hohenlohehutte,  to  be  completed  about  the  end  of  1903,  is  to  have  six  double 
furnaces,  each  with  192  muffles  arranged  in  two  rows 

Ordinary  Tm.-A  gas  fired  Silesian  furnace  with  48  retorts  is  shown 
m  F,gs.  2(17  and  2(18.  Tins  furnace  has  two  heating  shafts  and  two  step- 
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grate  gas  producers  built  opposite  to  one  of  the  long  sides.  4.4  are  the 
producers,  which  are  blown  under  the  grate  with  air  from  the  canal  d. 
The  gas  enters  the  furnace  through  the  canals  bb  and  rises  through  the 
flues  cc.  The  latter  are  surrounded  by  air  flues  ff,  which  discharge  air 
through  the  openings  into  the  stream  of  gas  near  the  top  of  the  flues  cc. 
The  air  for  this  secondary  combustion  comes  through  the  main  flue  d,  rises 
through  the  vertical  flue  e  at  the  end  of  the  furnace,  whence  it  is  led  back 
through  the  horizontal  flues  ff  under  the  hearth  of  the  combustion  chamber. 
The  products  of  combustion  pass  downward  through  the  flues  lih  between 
each  pair  of  muffles  into  the  flues  Ji'lt,  whence  they  rise  through  the  small 


A 


Fig.  268.  Gas-fired  Silesian  Furnace. 

Horizontal  section. 


chimneys  M-  and  the  main  chimney  q.  S  is  a  chamber  for  the  calcination 
or  calamine  between  a  pair  of  furnaces  and  rr  are  rooms  for  annealing 
retorts,  each  of  those  being  no  arranged  with  Hue*  that  a  part  ot  the  products 
of  combustion  can  be  diverted  through  them.  Oo  are  muffles,  ll  are  the 
chutes  through  which  the  residues  from  the  retorts  are  dropped,  and  mm  are 
the  pockets  which  receive  them.  This  was  one  of  the  earliest  forms  of  gas 
fired  furnaces  employed  in  Upper  Silesia.  It  was  built  with  one  gas  flue 
and  ‘>0  lo  28  retorts  and  two  gas  flues  with  40  to  56  retorts,  the  latter  typo 
bcinj  preferred  because  of  economy  in  fuel  and  labor  and  comparatively  less 

firtst  cost.1 


1  Kerl,  Cruudrlss  der  MPtallhiittenkunde,  p.  465. 
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section  and  the  other  with  the  far  section.  These  flues  are  shown  as  i'i'i' 
in  Fig.  271.  The  flues  connecting  the  regenerative  chambers  with  the 
combustion  chamber  are  shown  as  b  and  b'.  It  will  be  observed  that  there 
is  alternately  an  air  flue  and  a  gas  flue,  three  of  each  opening  into  each  half 
of  the  combustion  chamber. 


Figs.  271  and  272.  Siemens-Silesian  Furnace,  Used  at  Freiberg. 

Fig.  27!:  Man.  Fig.  272:  Longitudinal  vertical  section. 

Scale,  1  :  loo. 


In  operation,  free  and  air  are  turned  into  the  flues  leading  to  the  near 
halves  of  the  respective  regenerative  chambers.  The  gas  and  air  pass 
through  the  checker-works  and  the  flues  b  and  b'  into  the  combustion  eham- 

hor  Where  the  -  hum,  playing  around  the  retorts,  and  draw  into  the  other 

nail  oi  (lie  chamber,  pass  throiioh  ii„>  n.,  7  ,  . . .  , 

ii,o  ow-  .  i  in  ,gn  th0  fllu>s  h  and  b'  in  that  half,  through 

the  checker-work  and  thence  thrnnoL  a  •>-,  ’ 

trough  the  flues  iV  corresponding  to  those 
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chambers  to  the  chimney.  At  the  end  of  30  to  GO  minutes  valves  in  the 
o-as  and  air  canals  are  reversed  so  that  the  incoming  air  and  gas  are  led 


Fig.  273.  Siemens-Silesian  Furnace,  Used  at  Freiberg. 

Transverse  vertical  section. 

Scale,  1 : 100. 


through  the  flues  and  checker-works  through  which  the  products  of  com¬ 
bustion  were  previously  escaping,  while  in  the  combustion  chamber  e 
flames  travel  now  in  the  opposite  direction  and  the  pioducts  o  com  nu  ion 


Fig.  274. 


Siemens-Silesian  Furnace,  Used  at 

Arrangement  of  gas  and  air  reversing  valves. 
Scale.  1  :100. 


Freiberg. 


ii  1  Hw.  norts  which  previously  turned  in  the  fresh  air  and  gas. 

escape  through  the  pons  w  nn  i  I  •;  .  . 

Tlio  currents  arc  thus  reversed  periodically  and  the  gas  and  air  for  com- 
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Fig.  275.  Silesian-Siemens  Furnace. 

Transverse  vertical  section,  showing  Cochlovius  iron  frames,  separating  the  niches. 


bustion  are  heated  by  passing  through  the  hot  checker-work.  The  accom¬ 
panying  engravings  will  be  perfectly  clear  with  the  above  explanation.  It 
is  only  necessary  to  remark  that  l  is  a  chamber  for  the  deposition  of  dust, 
soot,  etc.,  from  the  fuel  gas.  The  system  of  reversing  valves  will  be  under¬ 
stood  as  shown. 


Ftg.  27G.  Stt.estan-Stemens  Furnace 

engr^f?^^  «*  «•««*  regenerative  chamber*.  ThU 

engraving  ,s  on  a  slightly  smaller  scale  than  that  of  Fig.  275.  to  which,  however,  it  refer 
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The  general  arrangement  of  the  Siemens  furnaces  employed  in  Upper 
Silesia  are  illustrated  in  Figs.  275  and  276,  of  which  the  former  shows  the 
Cochlovius  partitions  dividing  the  niches.  The  gas  flues  enter  at  right 
angles  to  the  longer  axis  of  the  furnace,  the  producer  being  outside  of  the 
furnace  house. 


The  relative  economy  of  direct  fired  furnaces  and  Siemens  regenerative 
gas  fired  furnaces  is  illustrated  by  the  experience  at  the  Paulshiitte  near 
Rosdzin,  as  reported  by  Schnabel  in  Handbuch  der  Metallhuttenkunde,  II 
176.  The  Siemens  furnaces  in  use  there  have  GO  to  72  muffles,  which  are 
1*7  to  1*8  m.  long.  The  muffles  are  made  of  a  mixture  of  05%  clay  and 
05%  old  material.  The  charge  consists  of  30%  roasted  blende  and  70% 
calamine,  mixed  with  cinder  to  the  amount  of  40%  of  the  weight  of  the  ore. 
The  charge  for  a  muffle  weighs  100  to  110  kg.  The  life  of  the  muffles  is 
40  to  50  days.  Each  furnace  has  two  gas  producers.  A  60-muffle  furnace 
reduces  6000  kg.  of  ore  per  day  and  yields  about  1000  kg.  of  zinc  with  a 
consumption  of  6100  kg.  of  heating  coal,  i.e.,  1-016  ton  of  coal  per  ton  ol 
ore=6-l  ton  of  coal  per  ton  of  zinc.  The  consumption  of  muffles  amounts 
to  1*35  per  ton  of  zinc.  The  yield  of  zinc  is  13%  of  the  weight  of  the  ore. 
The  Siemens  furnaces  do  not  require  any  better  coal  than  direct  firie  ur 
naces  with  undergrate  blast  of  air,  but  consume  less  and  work  more  evenly. 
The  comparative  results  obtained  from  the  direct  filed  furnaces  an 
Siemens  furnaces  in  1895  are  given  in  the  following  table  . 


Data 

32-muffle 
direct -fired 
furnace 

60-muffle 

Siemens 

furnace 

3.000  kg. 
1,330  “ 

1C 

13% 

6,000  kg. 
1,016  44 

13% 

Consumption  of  heating :  coal  per  LOOOkg.  of  ore  . 

Breakage  of  muffles,  per  5, (MO  kg.  ol  ore 

\  ield  of  zinc,  per  ton  of  ore . 

Rhenish  Furnaces. 

The  type  of  distillation  furnace  which  is  employed  generally  in  Rhenish 
me  t j  pe  considerable  extent  in  Belgium,  and  for 

convenience  is  There'Ts  Tndeed  no  othei  distinctive  differ- 

ence  that^an  be  Specified  besides  the  one  that  it  is  now  commonly  built 
whh  three  rows  of  retorts,  which  are  smaller  than  those  used  in  Upper 
,  this  tvoe  of  furnace  the  terms  “Belglan-Sileslan”  and  “Silesian- 

to  avoid  the  confusion  that  is  attached  to 
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Silesia.  The  great  width  of  the  Silesian  furnace,  with  the  deep  niches  and 
broad  arched  roof  of  the  latter  are  preserved,  as  is  also  the  characteristic 
up  and  down  draught,  hut  in  height  of  the  combustion  chamber  and 
arrangement  of  the  retorts  there  is  resemblance  to  the  Belgian  typo. 
The  first  Rhenish  furnaces  had  only  two  rows  of  retorts  and  they  were  of 
muffle  shape  like  the  Silesian,  but  smaller.  The  influence  of  the  Belgian 
smelters  led  to  the  introduction  of  a  third  row  of  retorts,  and  their  shape 


was  more  or  less  modified,  approaching  still  more  to  the  Liege  type. 

As  long  as  1(5  years  ago  furnaces  were  built  in  Upper  Silesia  with  two 
rows  of  small  muffles,  repeating  the  first  step  in  the  evolution  of  the  Rhenish 
type,  but  at  first  they  did  not  meet  with  favor.1  In  these  furnaces,  as 
in  the  original  Rhenish  furnaces,  the  lower  row  of  retorts  rested  directly  on 
the  hearth,  only  the  upper  row  being  supported  on  shelves.  In  the  modern 
Rhenish  furnace  the  lower  row  is  supported  above  the  hearth  so  that  the 
flames  can  envelop  its  retorts  on  all  sides,  as  in  the  Belgian  furnace.  rl  lie 
opinion  has  been  repeatedly  expressed  by  Silesian  metallurgists  that  as  the 
percentage  of  roasted  blende  to  be  treated  should  increase  there  would  be  a 
tendency  toward  the  adoption  of  the  Rhenish  furnace  in  that  district,  and 
this  forecast  now  seems  to  be  materializing,  the  Hugohiitte  having  installed 
furnaces  of  the  Rhenish  type  in  1897,  since  which  time  furnaces  with  two 
rows  of  muffles  have  been  adopted  by  several  other  works. 

The  Rhenish  furnaces  which  are  used  in  Belgium  are  either  direct 
fired  or  gas  fired;  those  which  are  used  in  Rhenish  Prussia  and  Westphalia 
are  chiefly  gas  fired,  commonly  with  Boetius  generators  built  integrally 
with  the  furnace;  some  furnaces  have  two  producers  at  each  end  of  the 
massive,  while  other  furnaces  have  only  one  at  each  end.  One  of  the 
earliest  uses  to  which  the  Boetius  generator  was  applied  was  the  heating 
of  zinc  distillation  furnaces  and  it  has  ever  since  been  a  favorite  for  that 
purpose.  The  choice  between  direct  firing  and  gas  firing  depends  a  good 
deal  upon  the  character  of  the  coal  available.  In  Belgium,  where  the  do¬ 
mestic  coal  is  only  semi-fat,  direct  firing  is  still  largely  continued,  such 
works  as  have  adopted  gas  firing  being  obliged  to  import  German  coal.  It 
having  been  always  the  policy  of  the  Societe  Anonyme  de  la  Yieille  Mon- 
tagne  to  use  the  coal  most  easily  obtained.2  direct  firing  is  retained  at  it* 
works  at  Yalentin-Oocq  (the  largest  single  producer  of  zinc  in  the  world) 


»The  Guldottohiltte  f  roc  toil  at  Cliropaczow 
in  1887  was  equipped  with  ei^bt  double  fur¬ 
naces,  each  with  128  muffles  (four  In  a 
nh-hp)  arranged  in  two  rows,  the  furnaces 
bplnp  aim  liar  to  what  were  in  use  at  Dort¬ 
mund.  According:  to  Kosinnnn  (Ober*chle*len. 
Rpin  I  .and  nnd  aelne  Industrie,  p.  211)  tilts 


was  the  first  experiment  with  this  type  o 
furnace  In  Silesia.  The  results  were  said  to 
have  been  unsatisfactory.  Similar  furnaces 
were  in  use  experl  men  tally  at  the  Hohen- 
lohehiitte  in  1808. 

aI)e  Sim;ay,  The  Mineral  Industry,  VIII. 
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and  at  Flone,  -where  Rhenish  furnaces  are  used  exclusively,  although  at 
Angleur,  where  all  the  furnaces  are  of  the  Belgian  type,  gas  firing  is  em¬ 
ployed.  It  is  important  to  remark  that  at  other  Belgian  works,  especially 
those  at  Overpelt,  Pravon  and  Engis  the  tendency  is  toward  the  adoption  of 
Siemens  furnaces  with  three  rows  of  large  retorts  of  about  the  same  dimen¬ 
sions  as  those  used  in  Rhenish  Prussia. 


Fia. 


277.  Furnace  Used  at  Valentin-Cocq,  Belgium. 

Transverse  vertical  section.  Dimensions  are  In  meters. 


Direct  Fired.— The  furnaces  of  most  recent  construction  at  Valentin- 
Cocq  are  illustrated  in  the  accompanying  engraungs,  uliidi  ait  re  rawn 
from  a  plate  in  a  paper  by  Ad.  Firketd  Like  all  the  furnaces  at  4  alent.n- 
Cocq  they  have  108  retorts  arranged  in  three  rows  of  18  each  per  side,  thus 
giving  54  retorts  per  side.  The  retorts  are  elliptical,  0-1(58  m.  wide  and 
0-254  m.  high,  inside  measurements,  and  1-40  m.  long.  They  are  heated 

1  Annales  dps  Minos  do  nolglQHP,  ^ 
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l>y  a  longitudinal  grate,  midway  in  tin*  combustion  chamber,  whence  the 
flames  rise  to  the  roof  arch  and  thence  draw  down  between  the  retorts,  escap¬ 
ing  through  ports  near  the  faces  of  the  furnace,  just  as  in  the  conventional, 
direct  fired  Silesian  furnace.  Each  face  is  divided  vertically  into  nine 
niches,  of  which  each  contains  six  retorts.  The  niches  are  divided  horizon¬ 
tally  by  cast  iron  plates;  each  plate  has  an  opening  for  the  descent  of  the 
ashes  when  the  retorts  are  cleaned  out,  the  openings  being  closed  at  other 
times.  The  fronts  of  the  niches  can  be  closed  by  means  of  sheet  iron  plates 


mi.l  llic  men  arc  thereby  shielded  from  the  heat  of  adjacent  retorts  while 
at  the  work  of  discharging  any  particular  one.  Two  furnaces  ore  joined 
end  to  end  to  form  a  massive,  which  is  about  15  m.  long.  At  Valentin- 
cv-q  they  arc  arranged  in  several  large  buildings  on  the  line  of  their  lon¬ 
gitudinal  axis  with  a .  spare  of  5  m.  betw.en  adjacent  .missives  and  4  in. 
to  6  m.  space  between  the  wall  of  the  building  and  the  faces  of  the  furnaces. 

The  accompanying  engraving  shows  a  furnace  equipped  with  ventilators 
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to  preserve  the  health  of  the  furnacemen  by  removing  from  the  building 
the  gases  discharged  from  the  furnace  and  the  dust  which  is  raised  espe¬ 
cially  in  removing  the  residuum  from  the  retorts.  Above  each  niche  there 
is  placed  a  sheet  iron  chimney,  which  rises  to  the  height  of  the  top  of  the 
roof  of  the  building,  or  about  11  m.  above  the  floor.  In  front  of  each 
niche,  at  the  top  of  the  opening,  there  is  a  small  hood  connected  with  the 
chimney  which  removes  the  gases  issuing  from  the  condensers  and  prolongs 
during  the  distillation.  The  main  chimney  is  closed  below  the  branch  pipe 
by  means  of  a  gate,  which  is  opened  only  when  the  residues  are  to  be  re¬ 
moved  from  the  retorts.  At  each  corner  of  the  furnace  there  is  an  addi¬ 
tional  chimney  to  remove  the  fumes  arising  from  the  residues  while  cooling 
in  the  ash  pockets.  The  arrangement  has  been  so  satisfactory  that  all  the 
furnaces  at  Valent  in-C'oeq  are  to  be  equipped  in  the  same  manner,  although 
the  cost  is  about  2000  fr.  ($400)  per  furnace. 

The  furnaces  at  Flonc  are  of  the  same  general  type  as  those  at  1  alentin- 
Cocq,  but  the  retorts  are  smaller,  being  onl}'  0*16X0*23Xl‘d4  m.  At  the 
end  of  1898  Yalentin-Cocq  had  69  furnaces  of  108  retorts  each,  and  Flone 
24  of  the  same  number  of  retorts.  The  production  of  spelter  by  the  two 
works  in  1898  was  24,397  and  9110  metric  tons  respectively. 

Gas  Fired,  Nox-Recuperativb  Furnaces.— A  modern  Rhenish  furnace 
with  21C  elliptical  retorts,  arranged  108  per  side  in  three  rows  of  36,  is 
shown  in  the  accompanying  engravings.  There  is  a  Boetius  generator  at 
each  end.  The  air  of  secondary  combustion  is  wanned  in  flues  surround¬ 
ing  the  generator  and  joins  the  gas  through  ports  in  the  ga>  flue.  Tin 
products  of  combustion  envelops  the  retorts  and  escape  through  flues  at 
the  sides  of  the  hearth  into  the  longitudinal  canals  which  debouch  into  the 
main  flue  leading  to  the  chimney.  The  front  walls  are  built  of  refractory 
tiling,  dividing  them  into  niches,  in  the  usual  manner.  The  rear  ends  of 
the  retorts  rest  on  shelves,  corresponding  to  those  of  the  front  walls,  of 
which  the  construction  is  clearly  shown  in  the  engravings.  The  residues 
raked  out  of  the  retorts  accumulate  in  the  pockets  on  the  ground  leu-1, 
whence  they  have  to  be  shoveled— an  arrangement  that  could  easily  be  im¬ 
proved  Hood*  are  provided,  above  the  fronts  of  the  furnace,  to  remove 
fumes  and  noxious  gases,  as  is  common  in  many  of  the  modem  Rhenish 

The  two  gas  producers  have  grates  38X50  m.,  giving  a  total  grate  area  of 
‘>61  v.  ft  The  combustion  chamber  of  the  furnace  is  10  ft.  wide  and  41 
ft  Ion  o'  its  volume  being  2829  cu.  ft.  The  arch  has  a  rise  of  12  in.  The 
main  flue  to  the  chimney  is  14  sq.  ft.  in  section. 

According  to  Durre,  to  whom  the  accompanying  engravings  are  due,  this 


Fig.  281.  Rhenish  Furnace. 

Horizontal  sections  EF  on  Fig.  280  and  GII  on  Fig.  279. 
Scale,  1  : 80. 
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the  producer,  thence  through  flues  in  the  end  wall  of  the  massive,  and 
finally  passes  into  a  rectangular  flue  above  the  arch  of  the  latter,  from  which 
it  enters  the  combustion  chamber  through  ports  above  each  double  tier 
of  retorts.  Mixing  with  the  gas,  the  flames  in  descending  envelop  the 
retorts  and  pass  out  through  ports  in  the  hearth  into  flues  which  conduct  the 
gases  of  combustion  to  the  chimney.  The  retorts  are  rectangular  in  cross- 
section,  with  rounded  corners.  The  niches  are  separated  by  cast  iron 
standards  and  can  be  closed  in  front  by  means  of  iron  plates  to  regulate  the 
temperature.  The  fumes  arising  during  the  maneuver  and  the  distillation 
are  removed  by  hoods,  leading  to  sheet  iron  chimneys  which  rise  above  the 
roof  of  the  furnace  house.  There  are  20  hoods  to  a  massive,  or  10  per  side. 

Five  massives  are  grouped  in  each  house.1  . 

Gas  Fired,  Recuperative  Furnaces.— -The  Rhenish  metallurgists  who 
have  built  regenerative  furnaces  have  employed  the  continuous  coun^‘r* 
current  svstem  rather  than  the  Siemens  alternating  reversing  svtein. 
regenerators  of  the  former  type  are  designed  on  the  principle  o  t  lose  era- 
ploved  manv  years  ago  by  Gaillard  &  Haillot  and  elaborated  b\  enc  ia^c 
by  "whose  naL  it  is  frequently  referred  to.*  The  systems  of  C.  Nehre 
and  others  are  merely  modifications  of  that  type.  In  all  such  recuperators 
the  products  of  combustion  are  led  around  thin-walled  fire  clay  flues 
through  which  the  air  for  secondary  combustion  is  forced  or  drawn  or  t 
products  of  combustion  are  led  through  such  flues  ant  t  ie  air  arount 
Fire  c-lav  being  a  poor  conductor  of  heat  the  walls  of  the  flues  s  ou 
thin  as  possible.  At  the  best  a  heat  recuperator  of  this  system  cannot  be 
so  efficient  as  one  of  the  Siemens  system,  but  ^  is  !ess  trouW^ome^o 
operate,  involving  no  elaborate  system  of  ro\  ersing  %  a  '  es-  -  c  3 

in  Belgium  the  most  recent  constructions  have  ‘eon  ‘  ieTne“®  ■Rhenish 
which  although  differing  in  various  particulars  from  the  stan  " 

tvpe  embody  so  many  of  its  characteristics  as  to  le  es  c  assi  ,  . 

Counter-Current  System.- A  Rhenish  recuperative  furnace  o ?  old Resign 
used  at  Bergisch-Gladbach,  is  shown  in  Fig.  282.  Under  the  hearth  winch 
is  thick  enough  to  contain  the  air  and  gas  flues  there  are  two  larg  cham¬ 
bers  in  which  are  placed  the  recuperative  flues,  thelattey  bem  ° 

fire  clay  pipes  molded  with  a  middle  diaphragm.  These  flues  1  PP 
bv  a  sertes  of  light  brick  walls,  parallel  with  the  plane  of  the  ^om  which 
divide  the  chambers  into  numerous  rooms,  connected,  boweve  p 

G.  The  ends  of  the  pipe  sections  break  joint  with  the  walls  and  the  space 

„  _  ......  o q  »xt  is  noteworthy  that  the  furnaces  at 

‘Rev.UnlverseUedes  Mines.  1804. XXV. 3S.  Belglan  works  have  been  built  by 

2  A.  I.encliauches,  F.tude  sur  les  Combnsti-  the  ®  . 

hies  en  gCnCral  et  eur  leur  Emplol  au  Chauf-  Gerraa  g 
fage  par  les  Gaz,  Paris,  1878. 
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between  the  parallel  pipes  being  bricked  up  the  flues  are  gas  tight  so  long  as 
they  remain  uncracked.  The  gas  enters  through  the  canal  A,  from  which 
it  passes  to  the  combustion  chamber  through  flues  B,  spaced  at  proper  inter¬ 
vals.  The  air  for  secondary  combustion  enters  the  lower  half  of  the  heating 
flues  through  the  ports  eee,  which  are  provided  with  dampers  fff  for  regula¬ 
tion  of  the  volume.  The  air  flows  through  the  lower  flues  to  the  opposite 


Fig.  282.  Rhenish  Recuperative  Furnace 

Transverse  vertical  section  and  end  elevation. 


end  of  the  furnace,  where  it  enters  the  upper  flues  and  comes  back  in  the 
opposite  direction.  The  ends  of  the  upper  flues  terminate  in  a  chamber 
which  communicates  with  the  longitudinal  flue  C  in  the  hearth  of  the  fur¬ 
nace.  From  the  latter  the  branch  flues  a  conduct  it  to  the  gas  The  prod¬ 
ucts  of  combustion  rise  to  the  arch  of  the  distillation  chamber,  as  shown  by 
the  arrows,  and  coming  down  between  the  retorts  escape  through  the  ports  b 
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into  the  longitudinal  canal  E.  From  the  latter  there  are  flues  c  corre¬ 
sponding  to  each  transverse  division  in  the  recuperative  chamber.  The 
hot  gases  pass  thence  around  the  air  flues  and  are  drawn  through  the  open¬ 
ings  (r  into  a  flue  extending  beyond  the  end  wall  of  the  furnace  and  con¬ 
necting  with  the  chimney. 


Fig.  283.  Gas-fired  "Rhenish  Furnace. 

Vertical  section  on  line  ab  of  Fig.  284.  Dimensions  in  meters. 
Scale,  1  : 80. 


This  is  a  well  developed  example  of  heat  recuperation  by  the  counter 
current  system.  It  is  true  recuperation  inasmuch  as  the  heat  is  recovered 
from  the  waste  products  of  combustion  and  is  not  abstracted  from  an  active 
part  of  the  furnace.  It  may  be  remarked  in  passing  that  the  accompany¬ 
ing  engraving  shows  the  lowest  row  of  retorts  resting  directly  on  the  hearth 
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Pig.  284.  Gas-pi  red  'Rhenish  Furnace. 

Vertical  section  on  line  efghlk  of  Fig.  285.  Dimensions  In  meters.  Scale,  1  : 80. 
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of  the  combustion  chamber,  as  was  the  practice  with  the  Rhenish  furnaces 
of  that  date. 

A  furnace  similar  to  those  which  are  employed  at  Yalentin-Cocq,  but  with 
gas  firing  and  a  certain  recuperation  of  heat,  is  illustrated  in  Figs.  283,  284 
and  285.  Two  furnaces,  each  comprising  108  retorts,  arranged  in  three 
rows  of  18  each  per  side,  are  grouped  in  a  massive.  At  each  end  of  the 
massive  there  is  a  gas  producer,  with  sloping  breast  and  step  grate,  which 
delivers  its  gas  into  a  canal  extending  longitudinally  under  the  hearth.  The 
gas  from  that  canal  rises  into  the  combustion  chamber  through  two  shafts. 
The  air  for  secondary  combustion  is  delivered  from  a  main  canal  at  one  side 
of  the  massive,  below  the  floor  of  the  furnace  house,  into  channels  under  the 
flues  which  carry  off  the  products  of  combustion.  These  channels  com¬ 
municate  with  the  gas  shafts.  The  products  of  combustion  escape  through 
openings  in  the  hearth  of  the  furnace  into  flues  which  lead  to  chimneys  at 
the  ends  of  the  furnace.  Between  the  two  furnaces  of  the  massive  there  are 
two  ovens  for  annealing  retorts.  Two  hoods  on  each  working  side  of  the 
furnace  carry  off  the  fumes.  The  niches  are  divided  by  partitions  of  fire¬ 
clay  tiling  and  shelves,  the  latter  having  iron  extensions  in  which  there  are 
holes  to  drop  the  retort  residues  through.  The  residues  collect  in  the 
pockets  under  the  lowest  shelves. 

Siemens  System.— The  furnaces  of  the  Rhenish  type  most  recently  con¬ 
structed  in  Belgium  incorporate  the  Siemens  system  of  heat  regeneration. 

At  Overpelt  the  Siemens  furnaces  have  210  retorts,  arranged  in  three  rows 
of  30  each  per  side.  The  massive  is  divided  by  interior  walls  into  foui  com 
partments.  Two  massives  arc  contained  in  a  buileling  lo-tXoO  m.,  a  or<- 
mg  a  space  5-2  m.  between  the  faces  of  the  furnaces  and  the  longitudina 
walls  of  the  building.  Each  massive  is  supplied  with  gas  0°m  i  s  o 
generator,  situated  outside  of  the  building,  but  the  products  of  combustion 
of  two  massives  escape  through  a  common  chimney,  40  m.  ur  i,  ‘ 

•Med  into  two  Sues.  The  retorts  are  elliptical,  0.17X0-30  m.  m..de  and 
1-00  m.  l„ng.  The  op(.n  ,nd  of  the  retort  beneath  the  condenser  .8  closed 
V  a  removable  plate  and  the  retort  is  charged  and  discharged  withe,  t  re- 
moving  the  condenser,  as  in  the  Silesian  furnaces.  1C  me  cs  arc 
horizontally  by  cast  iron  plates  with  holes  for  the  descent  of  ashes  and  c 
■*  dosed  in  front  by  means  of  sheet  iron  doors.  D.reotly  .bo,  the  nmhes 
of  each  side  there  is  a  longitudinal  flue  built  with  the  fame  e,  — ■ cat- 
tog  at  each  end  with  a  sluct  iron  chimney  0-5  m.  .n  diameter  and  8-5  m 
high,  which  serves  to  carry  off  the  dust  raised  in  removing  the 
‘he  retorts;  it  will  he  observed  that  there  are  four  of  those  vent, lat  ng  drnn- 
*J»  per  massive.  Projecting  0.83  m.  from  each  face  of  the  furnace,  above 
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retorts  varied  greatly  in  the  old  furnaces  according  to  the  character  of  the 
coal  available  for  heating  them.  The  length  was  always  limited  by  the 
physical  inability  of  the  stoker  to  throw  the  coal  properly  over  the  grate 
beyond  a  certain  distance ;' the  width  was  similarly  limited  by  the  inability 
of  the  chargers  to  fill  the  retorts  exceeding  a  certain  length  and  the  inability 
of  the  loaded  retorts  to  support  themselves ;  while  the  height  was  governed 
by  the  distance  above  the  grate  to  which  the  requisite  temperature  could  be 
maintained  and  this  is  to  a  considerable  extent  determined  by  the  character 
of  the  coal.  With  long  flaming  fat  coal  the  combustion  chamber  could  be 
made  higher  than  with  short  flaming  lean  coal  and  more  rows  of  retorts 
could  be  used.  The  employment  of  clinker-grate  firing  lessened  the  disad¬ 
vantage  of  lean  coal  and  with  the  introduction  of  gas  firing  the  character  of 
the  coal  became  of  still  less  importance  and  the  height  of  the  furnace  as  a 
factor  of  its  size  was  eliminated  entirely.1 

In  the  design  of  the  earlier  furnaces  the  tendency  was  to  increase  the 
height  of  the  combustion  chamber  and  the  number  of  rows  of  retorts.  This 
was  conducive  to  economy  of  fuel  but  was  unfavorable  to  recovery  of  metal, 
because  the  retorts  of  the  upper  rows  could  never  be  heated  properly  without 
butchering  those  of  the  lower  rows,  while  if  the  latter  were  not  overheated 
the  former  would  fail  to  give  a  good  extraction  of  metal ;  moreover  these 
very  high  furnaces  were  always  trying  on  the  men  who  were  obliged  to 
stand  on  a  table  in  order  to  perform  the  duties  of  the  maneuver  for  all  the 
rows  above  the  fifth.  The  modern  tendency,  both  in  Belgium  and  the 
United  States,  is  strongly  toward  reducing  the  height  of  the  furnaces,  which 
thanks  to  gas  firing  can  be  done  without  sacrificing  anything  except  floor 
space.  The  Soeiete  Anonyme  de  la  Yieille  Montagne  at  its  works  at  An- 
gleur,  Belgium,  first  reduced  the  height  of  its  furnaces  to  five  rows  of  re¬ 
torts;  in  its  latest  constructions  this  has  been  further  reduced  to  four  rows. 
The  trend  of  zinc  smelting  practice  in  Belgium  toward  the  adoption  of  the 
Siemens  furnace  with  only  three  rows  of  retorts  has  already  been  referred 
to  in  a  previous  section  of  this  treatise. 

Belgian  furnaces  may  be  classified  as  direct  fired  and  gas  fired,  but  there 
is  no  sharp  division  between  these  systems,  which  merge  into  one  another 
by  difficultly  definable  gradations.  It  is  easy  to  make  the  distinction 
between  furnaces  which  are  heated  by  grates  directly  under  the  retorts  on 
the  one  hand  and  those  which  are  heated  bv  gas  derived  from  a  source 
entirely  apart  from  the  furnace  on  the  other  hand;  but  between  these 
extremes  there  are  furnaces  commonly  known  as  gas  fired  (rarely  as  semi¬ 
gas  fired)  in  which  the  producer  is  an  integral  part  of  the  furnace;  and 

iThts  statement  will  be  explained  in  the  discussion  of  the  Ilegeler  and  Tola  furnaces. 
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direct  fired  furnaces  operated  with  deep  beds  of  fuel  on  the  grate,  which 
effect  an  important  gasification  of  the  coal  in  its  combustion.  With  this 
explanation  it  will  suffice  to  draw  a  line  midway  between  the  extremes,  which 
will  correspond  with  the  nomenclature  of  practice,  although  perhaps  un¬ 
scientific.  Each  class  of  furnace  may  be  subdivided  into  recuperative  an 
non-recuperative,  but  heat  recuperation  in  connection  with  direct  firing  is 

very  rare. 


Direct  Fired. 

Early  Li  to  Furnaces. — The  first  Liege  furnaces  were  short  ana  high, 
comprising  -Hi  small  cylindrical  retorts  arranged  in  eight  rows.  ‘here 
was  only  one  distillation  chamber  and  one  brigade  of  retorts  r  e  only  one 
working  face.  The  roof  arch  was  sprung  from  end  to  end  of  the  fuinace, 
wherefore  the  highest  row  of  retorts  comprised  a  smaller  number  than 
the  lower,  for  which  reason  the  total  number  was  not  a  multiple  ol  the 

r 4  at  3f.rasnat.-A  furnace  with  f  retorts  of  the  original 
Liege  type,  which  was  used  at  Moresnet  in  the  Ws  is  illustrated  in  the 
accompanying  engravings.2  These  furnaces  were  built  in  pairs,  end  to  end, 

communicating  with  a  common  emmmy.  fi1 

furnace  was  245  m.  long,  1-5  m.  wide  and  3-2  m.  high.  It  contained  61 
retorts  arranged  in  seven  rows  of  eight  and  one  row  (uppermost)  of  five 
There  was  also  a  row  of  eight  larger  tubes  or  cannons,  Lately  over 

the  grate,  bv  which  the  temperature  of  the  furnace  was  regulated.  These 
cannons  being  placed  directly  under  each  tier  of  retorts  protected  the  lat¬ 
ter  from  sudden  variations  in  the  temperature  of  the  tire  and  turned  t  e 
flames  up  between  them.2  The  cannons  were  also  penetrated  by  holes 
through  which  air  was  admitted  into  the  combustion  chamber  and  by 
reflating  the  supply  of  air  the  temperature  could  lie  controlled  The 
name  thing  is  accomplished  by  admitting  air  into  the  furnace  through  holes 
punched  in  the  luting  of  the  front  wall  between  the  retorts 

The  retorts  of  the  furnace  at  Moresnet  were  1-1  m.  long  and  0-15  m.  m 
diameter '  they  were  set  at  inclinations  of  0-078  to  0-153  m.  according  to 
the  purity  of  the  ore.  At  the  rear  end  they  were  supported  on  shelves 

ip.-  Klncay.  The  Mineral  Industry.  Till.  holes  between  the  lowest  row  and  The  Are- 


1 859,  p.  405  ; 


654. 

*ncrs-  \i.  Hflttenm.  Ztg., 

"  '^instead*'  of  uslnK  cannons  the  retorts 
were  protected  In  some  of  the  early  furnaces 
by  interposing  an  arch  pierced  by  numerous 


place.  These  devices  ceased  to  be  of  use 
after  the  Introduction  of  elinker-grate  firing, 
whereby  jets  of  flame  or  of  relatively  cold 
air,  which  might  strike  the  retorts,  were 
no  longer  produced. 
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built  in  the  back  wall,  just  as  in  the  furnaces  of  the  present  time;  at  the 
front  end  those  of  the  six  lower  rows  rested  on  fire  clay  tiles,  which  were 
supported  longitudinally  by  iron  plates  as  at  present  and  at  the  ends  by 
fire  brick  pillars,  but  the  two  upper  rows  rested  only  on  iron  plates.  The 
plates  and  pillars  divided  the  front  of  the  furnace  into  niches,  each  of 
which  contained  two  retorts,  except  the  highest  row  wherein  there  was 
only  one  to  a  niche. 

The  fire  box  was  0-4  m.  wide  at  the  grate  and  0-45  m.  at  the  top.  The 
grate  had  such  an  inclination  that  it  was  0*8  below  the  hearth  of  the 
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Figs.  286  and  287.  Furnace  Used  at  Moresnet. 

Fig.  28C  :  Section  on  line  CD  of  Fig.  287  and  front  elevation.  Fig.  287 :  Section  on  line 

AB  of  Fig.  286. 


combustion  chamber  at  the  outer  end  and  1-1  m.  at  the  inner.  There  were 
three  grate  bars.  The  products  of  combustion  escaped  through  the  flues 
VF  into  the  main  flue  which  communicated  with  a  chimney  4-5  m.  high, 
or  else  with  a  calamine  calcination  chamber  and  thence  to  the  chimney. 
The  condensers  were  fitted  with  sheet  iron  ballons  of  the  form  shown  in 
Fig.  249,  which  were  an  improvement  on  the  simple  sheet  iron  cones  that 
had  been  used  formerly  at  Engis”  (Kerl).  In  Fig.  287.  P  is  a  pocket  for 
collecting  the  retort  residues.  I  have  described  at  such  length  this  Li&ge 
furnace  of  40  years  ago  to  show  how  little  has  been  the  change  in  this  type- 
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Combine  two  furnaces  back  to  back  as  a  pair  and  two  pairs  end  to  end  as  a 
massive  and  save  for  a  few  structural  details  we  have  the  direct  fired  Belgian 
furnace  of  the  present  day.  In  fact  some  of  the  older  furnaces  at  Bley- 


Figs.  288  to  290.  Nouvelle  Montagne  Furnace. 

Fig  288  :  Transverse  vertical  section,  the  left  hand  side  being  on  line  CD  of  Fig.  289  and 
the  right  hand  side  on  a  line  passing  through  the  flame  ports  an  of  Fig.  290.  Fig.  289  : 
Front  elevation.  Fig.  290 :  Horizontal  section  on  line  AB  of  Fig.  288. 

berg.  Boom  and  Scilles,  in  Belgium,  are  even  now  substantially  of  the  above 
described  type. 

Nouvelle  Montagne  Furnace. — A  departure  from  the  typical  Liege  fur- 
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nace  in  so  far  as  the  arrangement  of  the  fireplace  is  concerned  was  made  by 
the  Soeiete  de  la  Nouvelle  Montagne  at  its  works  at  Engis.  This  was  a 
double  furnace,  of  which  two  were  joined  end  to  end  to  form  a  massive. 
Each  double  furnace  had  a  long  fireplace  in  the  middle,  parallel  with  the 
long  axis  of  the  furnace,  and  a  deep  ash  pit  under  the  grate.  The  middle 
wall  dividing  the  combustion  chamber  was  supported  on  an  arch  over  the 
fireplace;  just  over  the  arch  it  was  pierced  by  a  longitudinal  cooling  flue. 
On  each  side  of  the  fireplace  there  were  five  ports  through  which  the  flames 
passed  into  the  combustion  chambers  and  thence  escaped  through  ports  to  a 
chimney  (7  m.  high)  standing  on  each  end  wall  of  the  furnace,  i.e,  there 
were  three  chimneys  to  a  massive,  one  at  each  extremity  and  one  large  chim¬ 
ney  with  two  flues  on  the  middle  wall  separating  the  two  furnaces  of  the 
massive.  Each  furnace  had  two  brigades  of  retorts,  arranged  in  six  rows, 
with  eight  in  a  row,  except  in  the  highest  where  there  were  only  six ;  con¬ 
sequently  there  were  92  retorts  per  furnace,  and  184  per  massive.1  These 
furnaces,  which  were  in  use  in  1871,  apparently  have  given  satisfactory  re¬ 
sults  (vide  p.  535)  inasmuch  as  13  of  them  were  still  in  use  at  Engis  at 
the  end  of  1898.2  At  that  time  the  furnaces  had  90  to  106  retorts  (180  to 
212  per  massive)  arranged  in  five  or  six  horizontal  rows.  Some  had  cylin¬ 
drical  retorts  0-17  m.  in  diameter  inside;  others  elliptical  retorts,  0-175X 
0T95  m.  In  length  each  kind  was  1-25  to  1*30  m.  Recently  many  of  these 
furnaces  at  Engis  have  been  replaced  by  Siemens  furnaces. 

Borgnet  Furnace.— Alfred  Borgnet  designed  a  peculiar  type  of  Belgian 
furnace  with  a  single  combustion  chamber,  which  instead  of  having  long 
narrow  grates  parallel  to  the  longitudinal  axis  of  the  furnace  and  fired 
from  the  ends,  had  five  grates  set  at  right  angles  to  the  long  axis  and  in¬ 
clined  parallel  with  the  retorts  which  were  fired  from  the  back  of  the  fur¬ 
nace.  Furnaces  of  Borgnet’s  design  were  erected  at  the  Morriston  zinc 
works  of  Vivian  &  Sons,  near  Swansea,  Wales.  They  had  120  retorts 
arranged  in  six  rows  of  20  each.  The  retorts  of  the  lower  four  rows 
vere  provided  with  air  flues,  such  as  are  shown  in  Fig.  169.  Each  grate 
was  24X7  in.  in  dimensions.  The  flames  escaped  through  17  holes  in  the 
arch  of  the  combustion  chamber  into  a  main  flue  extending  longitudinally 
over  the  furnace  and  thence  to  a  chimney  23  ft.  high.  The  arch  of  the  fur¬ 
nace  was  supported  on  the  front  side  by  11  cast  iron  pillars,  cast  in  one 
piece,  4  in.  wide  over  all,  the  sides  being  0-5  in.  thick  and  the  space  3  in. 
wide  between  them  being  filled  with  fire  clay  tiling.  Cast  iron  plates  20  in. 
long  rested  on  lugs  cast  on  the  pillars,  fire  brick  tiling  being  laid  on  them 

1  Mnssnrt,  Revue  Universe!!?  des  Mines  1S71  wiv  ei  o 

>Ad.  Firket,  Annales  des  Mines  de  Belgique,  v£u 
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in  the  usual  manner.  The  end  walls  of  the  furnace  were  4  ft.  thick  and 
the  length  of  the  combustion  chamber  between  them  was  20  ft.  G  in.  The 
width  of  the  furnace  over  all  was  7  ft.,  the  height  from  grate  to  arch  was 
14  ft.,  and  height  in  front  from  the  lowest  shelf  to  the  spring  of  the  arch 
was  10  ft.  The  distance  between  the  shelves  of  the  first  and  second  rows 
was  20  in.,  of  the  third  and  fourth  19  in.,  of  the  fifth  and  sixth  17  in.  The 
arch  was  10  in.  thick.  The  walls  of  the  furnace  were  supported  by  buck- 
staves  of  iron  rails.  This  furnace  was  capable  of  smelting  2100  kg.  of  ore 
assaying  49  to  50%  Zn,  mixed  with  1000  kg.  of  reduction  coal  per  24  hours, 
yielding  785  to  850  kg.  of  zinc.  The  consumption  of  heating  coal  amounted 
to  two  tons  per  ton  of  ore,  and  of  retorts  1-G  per  ton  of  ore.  The  furnace 
crew  consisted  of  three  men  per  shift.1 

American  Belgian  Furnaces. — The  direct  fired  Belgian  furnaces  em¬ 
ployed  in  the  United  States  conform  essentially  to  the  original  Liege  design, 
but  present  minor  differences  because  of  adaptation  to  local  conditions.  This 
is  especially  the  case  between  the  furnaces  of  Xew  Jersey  and  Pennsylvania, 
which  burn  anthracite  coal,  and  those  of  the  Western  States,  which  burn 
bituminous. 

Western  Type.— The  typical,  direct  fired  Belgian  furnace  which  is  used 
in  the  Western  States  is  iilustrated  in  the  accompanying  engravings.  There 
is  no  essential  deviation  from  that  type.  rllie  deep  fireplace  and  clinker 
grate,  high,  open  ash  pit,  combination  buckstaves  and  stanchions,  stiffening 
the  furnace  laterally  and  supporting  the  skewback  of  the  arch,  are  universal ; 
so  too  is  the  absence  of  end  buckstaves  and  the  stiffening  of  the  furnace 
longitudinally  by  means  of  rods  carried  horizontally  around  it.2  Furnaces 
of  this  type  were  built  in  the  first  works  in  Kansas  and  they  were  imitated 
until  finally  displaced  by  the  natural  gas  furnaces. 

The  retorts  are  invariably  cylindrical,  8  in.  in  diameter  inside  and  10*5 
to  11  in.  outside,  and  are  generally  48  in.  long  outside.  Sometimes  the  two 
lower  rows  are  only  46  in.  long,  the  upper  being  48  in.,  and  occasionally  they 


1  Georges  Borgnet,  Revue  Tniverselle  des 
Mines,  November  and  December,  1877 , 
Berg-  u.  Iliittenm.  Ztg.,  1878.  p.  387.  This 
paper  describes  with  much  detail  the  W  elsh 
practice  in  zinc  smelting  at  that  time. 

2  This  construction  Is  similar  to  that  or 
some  of  the  old  direct  fired  New  Jersey  fur¬ 
naces,  which  had  their  angles  encased  by 
heavy  castings  provided  with  lugs  through 
which  rods  extending  laterally  and  longitu¬ 
dinally  were  bolted.  There  was  a  longitudi¬ 
nal  rod  along  the  shelves  supporting  the 
fourth  row  of  retorts  (counting  from  bot¬ 
tom  upward)  and  a  lateral  rod  on  the  same 


level  at  each  end ;  also  a  lateral  rod  just 
above  the  level  of  the  lowest  row  of  retorts ; 
and  a  lateral  and  longitudinal  on  the  level 
of  the  skewback  of  the  arch  ;  the  longitudi¬ 
nals  last  mentioned  were  trussed  with  the 
beam  which  supported  the  skewback  and 
took  the  place  of  buckstaves.  The  strongest 
construction  is  to  provide  vertical  buck- 
staves  for  the  ends  of  the  furnace  and  unite 
them  by  means  of  tie  rods  above  the  roof  in 
the  usual  manner  of  supporting  metallurgi¬ 
cal  furnaces.  An  example  of  this  method 
may  be  seen  in  Figs.  206  to  208. 
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are  48  and  50  in.  respectively.  By  far  the  most  part  of  the  furnaces  have 
224  retorts  arranged  in  seven  rows  of  16  each,  i.e.,  112  per  side.  Less 
commonly  there  are  furnaces  with  2X7X14=196  and  2X8X16=256. 
Each  combustion  chamber  has  two  grates,  separated  by  a  transverse  wall  in 
the  middle,  the  wall  rising  a  few  inches  above  the  bed  of  coal  which  is  to 
be  carried.  The  grates  for  the  224  retorts  furnace  are  approximately 
6-5  ft.  X  15  in.=8*125  sq.  ft.,  or  32-5  sq.  ft.  for  the  four.  Variations  are 
7X14  in.=S*167  sq.  ft.  and  6  ft.  X  16  in.=8  sq.  ft.  The  grate  is  set  from 
8  to  9  ft.  above  the  bottom  of  the  ash  pit.  It  is  composed  of  two  wrought 
iron  bars,  2  in.  square.  The  coal  is  so  pyritous  that  the  bars  are  rapidly 
corroded,  the  average  life  being  about  three  months.  At  Nevada,  Mo., 
wrought  iron  2  in.  pipes,  through  which  water  circulated,  were  used.  It 
was  said  that  they  were  cheaper  than  solid  bars,  lasted  longer  and  were  more 
easily  cleaned  of  clinker. 

The  column  of  coal  above  the  grate  bars  is  about  3  ft.  high.  Its  surface 
is  larger  than  that  of  the  grate  because  all  the  sides  of  the  fire  box  slope 
towards  the  grate,1  and  it  is  maintained  from  12  to  15  in.  below  the  lowest 
part  of  the  lowest  retorts,  the  top  of  the  fire  door  being  about  12  in.  below 
the  top  of  the  lowest  front  shelves.  There  is  a  fire  door  at  each  end  of  each 
combustion  chamber.  The  fire  doors  are  about  17  in.  wide  and  14  in.  high. 
They  are  framed  with  a  fire  clay  tile  for  the  sill,  two  fire  clay  posts,  and  a 
tile  9  in.  thick  as  cap.  In  the  brickwork  over  the  cap  a  T  rail  is  set  hori¬ 
zontally  to  relieve  the  cap  from  the  weight  of  the  wall.  Outside  of  the 
door  there  are  two  iron  brackets,  one  on  each  side,  on  which  an  iron  plate 
can  be  set,  sloping  down  to  the  sill  of  the  door.  After  stoking,  coal  (slack) 
is  heaped  on  this  plate  until  the  door  is  sealed.  When  the  fire  has  to  be 
stoked  the  coal  seal  is  pushed  inside  and  the  door  is  thus  opened  for  fresh 
coal. 

In  the  roof  arch  of  each  combustion  chamber  there  are  two  flues,  usually 
10X12  in.,  of  which  the  centers  are  about  40  in.  from  the  end  walls.  For¬ 
merly  these  flues  were  made  smaller  and  there  was  a  third  flue  between  them, 
but  the  latter  was  abandoned  as  unnecessary.  At  each  end  of  the  furnace 
there  is  a  chimney  about  45  ft.  high  above  the  grate.  They  rest  partly  on 
the  end  wall  and  partly  on  a  pier  built  up  from  the  ground.  They  are  made 
from  36X45  in.  to  45X45  in.  outside,  and  18X27  in.  to  27X27  in.  inside 
dimensions.  They  are  bound  together  by  angle  liars  encasing  the  corners  and 
horizontal  engirdling  rods ;  the  two  chimneys  are  usually  connected  by  a  rod 
or  chain  to  restrain  them  from  falling  outward.  They  are  set  on  the  furnace 
sometimes  parallel  with  the  walls  of  the  latter  and  sometimes  diagonally  ;  the 

1  If  not  built  originally  with  that  shape,  it  soon  acquires  it  naturally. 
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latter  method  permits  the  canals  connecting  with  the  flues  in  the  furnace  to 
be  shorter  and  more  direct;  the  former  method  necessitates  that  the  canals 
be  curved. 

The  corners  of  the  furnace  are  encased  by  4X4X0-5  in.  angle  bars.  The 
skewback  of  the  arch  is  supported  on  a  5*5X3-5X0‘5  in.  angle  bar.  The 
buckstaves  are  tied  together  by  rods  of  0-75  in.  diameter.  In  the  floor  of 
the  furnace  house  along  each  face  of  the  furnace  there  is  a  rectangular 
opening  into  iron  hoppers,  two  on  each  side,  of  which  the  chutes  lead  into 
the  ash  tunnel.  These  hoppers  are  installed  large  enough  to  hold  the  whole 


Figs.  203  and  294.  Belgian  Furnace  TTsed  at  Collinsville,  III. 

Fig.  203  :  Transverse  vertical  section.  Fig.  204  :  Front  elevation. 

These  furnaces  are  worked  from  an  elevated  floor. 


di  awing  of  retort  residues  after  each  charge.  C enerally  each  furnace  is 
contained  in  its  own  house,  which  is  a  rude  frame  shed  with  a  high,  steep  1) 
sloping,  pyramidal  roof,  left  uncovered  over  the  furnace.  The  floor  area 
is  approximately  50X50  ft.  inside  of  the  joists.  In  the  sides  and  ends 
theie  are  large  openings,  which  can  be  closed  by  sliding  doors  to  protect 
the  furnace  from  strong  winds.  The  floor  is  laid  with  brick,  except  at 
the  ends  of  the  furnace,  where  there  are  platforms  of  plank  on  a  level  with 
tin*  grate.  Ibis  depression  gives  easy  access  to  the  stoking  door  and  also 
affords  room  for  the  day’s  supply  of  coal. 


Figs.  295  and  296.  Type  of  Furnace  Used  in  New  Jersey. 

Fig.  205  :  Transverse  section  through  flues  leading  to  chimney.  Fig.  290 :  Transverse  ver¬ 
tical  section  of  furnace  and  end  elevation. 

Scale,  J/i  in.  =  1  ft 
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A  Belgian  furnace  formerly  used  at  Collinsville,  Ill.,  is  shown  in  the  ac¬ 
companying  engravings.  It  had  2X8X16=256  retorts.  A  noteworthy 
feature  was  the  air  channels  in  the  middle  wall  and  around  the  fire  box. 
The  furnaces  lately  in  use  at  Collinsville  are  practically  the  same,  but  the 
air  channels  have  been  abandoned..  They  have  256  retorts  and  four  grates 
each  7-5  ft.  X  15  in.=9-375  sq.  ft.,  i.e.,  a  total  grate  area  of  37-5  sq.  ft. 
The  bed  of  fuel  carried  on  the  grate  is  4  to  4*5  ft.  thick. 

Eastern  Type. — The  direct  fired  distillation  furnaces  used  at  the  works  at 
Newark  and  Jersey  City,  N.  J.,  and  South  Bethlehem,  Pa.  (and  formerly 
at  Bergenpoint,  N.  J.,  and  Friedensvillc,  Pa.),  differ  from  the  ordinary  type 
of  Belgian  furnace  only  in  the  design  of  their  fireplaces,  which  are  adapted 
to  the  combustion  of  anthracite  coal  from  nut  to  No.  2  buckwheat  size. 
Instead  of  the  deep  fireplace  and  high  open  tunnel  under  the  grate  there  is 
a  shallow  fireplace  and  an  ash  pit  only  16  to  18  in.  deep  under  the  grate. 
Flie  ash  pit  is  closed  with  a  tightly  luted  door  and  air  under  pressure  of 
about  4  in.  of  water  (2-3  oz.)  is  blown  in  under  the  grate.  The  grate  is 
composed  of  cast  iron  bars  1%  in.  thick,  which  are  set  closely  together  and 
are  perforated  by  conical  holes,  which  are  of  0*4  in.  diameter  on  the  upper 
side  of  the  plate  and  1  in.  on  the  lower  side.  This  prevents  pieces  of  clinker 
from  being  wedged  in  the  holes;  anything  which  gets  in  them  must  drop 
through.  There  are  100  holes  per  square  foot;  consequently  the  openings 
in  1  sq.  ft.  amount  to  only  12*57  sq.  in.,  or  approximately  9% ;  but  the 
openings  between  the  bars  afford  a  further  free  space.  At  the  far  end  of 
the  fireplace  there  is  a  fire  brick  platform  level  with  the  grate,  or  sloping 
upward  from  it.  In  cleaning  the  fire  the  live  coals  from  the  top  are  pushed 
back  on  that  platform.  The  cinders  are  then  barred  up  from  the  grate 
and  scraped  out  through  the  fire  door.  The  live  coals  are  then  drawn  for¬ 
ward  over  the  clean  bars,  fresh  coal  is  thrown  in,  the  blast  is  turned  on  and 
in  a  short  time  the  furnace  is  brought  to  the  required  temperature,  which  is 
regulated  by  varying  the  blast  of  air.  In  some  of  the  furnaces  a  row  of 
cannons  under  the  lowest  row  of  retorts  protects  the  latter  from  the  intense 
radiated  heat  of  the  fire;  in  other  works  they  have  been  dispensed  with. 

The  furnaces  at  Jersey  City,  Newark  and  South  Bethlehem  differ  in  minor 
particulars,  and  the  practice  at  all  of  the  works  has  changed  considerably 
in  the  last  20  years.  Some  of  the  older  furnaces  are  divided  into  four  sec¬ 
tions  by  a  middle  transverse  parting  wall.  The  Belgian  furnace  used  in 
the  West  has  also  four  grates,  but  the  transverse  walls  are  not  carried  up 
>o\l  the  fireplaces.  In  the  early  ’SO's  the  New  Jcrsev-Pennsylvania  fur 
naces  had  112  retorts  per  side,1  arranged  in  seven  rows  of  16  each.  The 
1 F.  L.  Clerc,  Mineral  Resources  of  the  United  States,  1882,  p.  373. 


Front  elevation  and  longitudinal  section.. 
Scale,  Vi  In.  =  1  ft.,  approximately. 


Fig.  298.  Type  of  Furnace  Used  in  New  Jersey. 
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furnace  was  charged  twice  in  24  hours  and  the  retorts  (cylindrical)  were 
of  only  6-5  or  7  in.  diameter.  Later  the  furnaces  were  increased  in  size, 
charging  was  done  only  once  in  24  hours,  and  elliptical  retorts  were  intro¬ 
duced.  At  Jersey  City  in  1894  there  was  one  furnace  with  2X8X18=210 
retorts,  but  apparently  the  reduction  in  the  number  of  rows  did  not 
give  sufficiently  better  results  to  compensate  for  the  reduction  in  capacity 
of  the  furnace,  since  one  of  later  construction  had  2X7X18=252 
retorts.  The  four  lower  rows  of  retorts  were  elliptical,  7X9  in.  and  54  in. 
long;  the  upper  rows  were  cylindrical,  7  in.  diameter  and  54  in.  long.  The 
longitudinal  middle  wall  of  these  furnaces  was  hollow  and  air  was  blown 
in  through  the  flue  thus  formed.  There  were  no  cannons.  Each  massive 
had  three  chimneys,  one  at  each  end  and  one  in  the  center.  Prolongs  were 
used  on  the  condensers. 

At  South  Bethlehem,  Pa.,  in  the  same  year  there  were  furnaces  with 
2X1X20=100  and  2X7X^0=280  retorts.  Previously  all  had  had  280 
retorts,  but  some  had  been  cut  down  on  the  ground  that  with  the  seven  high 
furnaces  the  lower  rows  had  to  be  butchered  to  heat  properly  the  upper 
rows.  Cannons  were  installed  beneath  the  lowest  row  of  retorts.  The  re¬ 
torts  were  of  7  in.  diameter  and  50  in.  length.  Prolongs  were  used  on  the 
condensers. 

The  furnaces  used  at  Friedensville  had  six  rows  of  8  in.  retorts,  108  per 
side,  216  per  massive.  The  combustion  chamber  was  divided  into  four  sec¬ 
tions.  Cannons  were  used. 

One  of  the  latest  direct  fired  furnaces  erected  in  New  Jersey  (date  1895) 
is  shown  in  the  accompanying  engravings.  With  the  consolidation  of  the 
zinc  mining  and  smelting  business  of  New  Jersey  and  Pennsylvania  in  the 
hands  of  the  New  Jersey  Zinc  Co.  the  direct  fired  furnaces  of  the  old  works 
will  probably  be  abandoned  and  the  production  of  spelter  will  be  concen¬ 
trated  at  the  new  works  at  Palmerton,  where  gas  firing  is  employed.  Ex¬ 
periments  in  gas  firing  were  first  made  with  a  Rhenish  furnace  at  South 

Bethlehem  in  1894. 

Furnaces  at  Pulaski,  Fa.— A  form  of  Belgian  furnace,  used  at  the  works 
of  the  Bertha  Mineral  Co.,  at  Pulaski,  Va.,  is  shown  in  the  accom¬ 
panying  engraving.  These  furnaces  have  single  combustion  chambers  with 
140  retorts,  arranged  in  seven  rows  of  20  each.  The  retorts  are  of  elliptical 
cross  section,  8X10  in.  inside  and  48  in.  long. 

Other  Furnaces. — As  has  been  previously  remarked,  the  combustion  of 
coal  in  a  deep  bed  °n  the  grate  involves  the  general  principle  of  gas  firing. 
The  coal  is  largely  converted  into  gas  which  burns  around  the  retorts  in  the 
large  combustion  chamber  and  to  a  considerable  extent  escapes  unconsumed 


Scale 


Fia.  299.  Furnace  Used  at  Pulaski,  Ya. 
Transverse  vertical  section. 
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therefrom  as  is  manifested  by  the  flames  issuing  from  the  chimneys  when 
the  stoking  is  being  pressed.  Several  furnaces  have  been  designed  to 
minimize  this  great  waste  of  heat  by  effecting  more  complete  combustion 
of  the  gas,  combined  possibly  with  a  partial  recuperation  of  heat. 

Hauzeur  Furnace. — Ilauzeur  developed  logically  the  idea  of  reducing  the 
waste  of  heat  and  his  furnaces  have  been  used  successfully  in  Belgium 
and  Spain.1  He  designed  a  double  furnace  in  which  the  middle  wall,  built 
thicker  than  ordinarily,  was  stopped  short  of  the  roof  arch,  so  that  there 
was  free  communication  between  the  two  combustion  chambers.  Only  one 


Figs.  300  to  302.  Hauzeur  Furnace. 

Rig  300  •  Transverse  vertical  section  on  line  AB  of  Fig.  302.  Fig.  301  :  Section  through 
flues  on  line  EF  of  Fig.  302.  Fig.  302:  Horizontal  section  on  line  CD  of  Fig.  300. 

of  the  latter  was  provided  with  a  fireplace.  The  burning  gas  from  that 
fireplace  rose  between  the  retorts,  drew  over  the  middle  wall  into  the  other 
combustion  chamber,  passed  down  between  its  retorts  and  escaped  through 
the  flue  m  to  the  chimney.  In  the  part  of  the  furnace  lying  under  the 
second  combustion  chamber  the  products  of  combustion  were  made  to  pass 
over  a  labvrinthine  air  canal  aaa.  Air  admitted  through  the  latter  passed 
into  the  chamber  b  and  thence  through  c,  d  and  c  into  the  second  combus¬ 
tion  chamber,  where  it  furnished  oxygen  to  the  unburned  gas  coming  over 
from  the  first  chamber.  The  furnace  was  a  truly  recuperative  one,  although 

i  German  patent,  3,729,  .Sept.  15,  1877;  Splrek,  Ocst.  Zts.,  1881,  p.  335;  Dingler’s 

I’oly tech.  .Tourn.,  Vol.  CCXXXV,  221. 
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the  system  of  heat  recuperation  was  not  highly  developed.  It  is  interesting 
as  alfording  an  example  of  the  application  of  the  counter-current  system  of 
heat  recuperation  to  a  direct  fired  furnace;  for  the  llauzeur  furnace  can  no 
more  be  considered  a  gas  fired  furnace  than  can  any  of  the  many  forms  in 
which  a  deep  bed  of  fuel  is  carried  on  the  grate. 

Kammerling  Furnace. — Herman  Kammerling,  of  Girard,  Kan.,  pat¬ 
ented  a  modification  of  the  ordinary  Belgian  zinc  smelting  furnace,  wherein 
there  are  two  combustion  chambers,  separated  by  a  central  longitudinal  wall, 
as  in  the  usual  type  of  double  furnace,  of  which  only  one  is  provided  with  a 
grate.  The  gases  of  combustion  pass  from  the  fire  on  the  grate  between 
the  retorts  of  that  side  of  the  furnace,  and  then  through  ports  arranged  at 
intervals  near  the  top  of  the  dividing  wall,  and  down  between  the  retorts  of 
the  other  side  of  the  furnace,  escaping  through  openings  in  the  floor  of  the 
latter,  thence  passing  through  suitable  conduits  to  the  chimney.1 

The  idea  of  the  inventor  of  this  furnace  was  that  the  ordinary  Belgian 
furnaces  in  use  in  Kansas  at  that  time  could  be  easily  and  cheaply  con¬ 
verted  into  the  new  type ;  and  in  fact  a  large  number  of  furnaces  at  Pitts¬ 
burg  and  Weir  were  thus  altered,  the  middle  wall  being  cut  down  so  as  to 
permit  the  flames  to  pass  over  it  just  under  the  roof  arch,  and  a  hearth, 
with  suitable  openings  for  the  escape  of  the  gas,  being  placed  in  the  opposite 
combustion  chamber,  which  communicated  with  the  chimneys  by  a  flue  built 
in  the  former  fireplace.  All  the  old  flues  in  the  roof  arch  were  of  course 
closed. 

At  first  these  furnaces  gave  such  remarkable  results  in  respect  to  saving 
in  fuel  consumption  and  economy  in  labor  that  they  gained  the  name  of 
“Klondike”  furnaces,  but  it  was  subsequently  found  that  these  economies 
were  realized  only  in  the  early  part  of  the  campaign,  their  efficiency  falling 
off  with  the  progress  of  the  latter  until  the  results  became  inferior  to  those 
of  the  ordinary  Belgian  furnaces.  This  was  due  especially  to  the  formation 
of  obstructions  in  the  flues  for  the  escape  of  the  products  of  combustion  by 
the  slag  dripping  from  the  retorts  and  walls  of  that  side,  whereby  control  of 
the  firing  was  lost  and  it  became  impossible  to  maintain  the  proper  tempera¬ 
ture  in  the  combustion  chamber,  with  the  result  of  a  decreased  extraction  of 
metal.  For  this  reason  the  furnaces  which  had  been  converted  were  changed 
back  to  their  original  form. 

The  experience  was  interesting  and  valuable  as  showing  the  economy 
which  it  is  possible  to  effect  by  the  introduction  of  gas,  or  semi-gas  firing 
with  the  ordinary  Kansas  coal  slack,  notwithstanding  the  failure  of  the 
original  and  more  elaborate  attempts  at  Pittsburg,  Kan.,  and  Rich  Hill, 

1  United  States  patent,  No.  610,540,  Sept  13,  1898. 
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Mo.,  to  which  reference  will  be  made  subsequently.  There  was  nothing  new 
in  the  idea  of  the  Kammerling  furnace,  except  in  so  far  as  it  related  to  the 
cheap  alteration  of  the  old  Belgians,  which  was  in  principle  substantially 
the  same  as  Hauzeur’s.  Its  lack  of  ultimate  success  was  due  rather  to  the 
crudity  of  the  design  than  to  error  in  principles. 


Gas  Fired ,  N on-Recuperative. 

In  gas  fired  Belgian  furnaces  the  retorts  are  heated  either  by  the  com¬ 
bustion  of  producer  gas  or  of  natural  gas.  The  latter  finds  application  only 
in  the  United  States.  Although  the  peculiar  characteristics  of  this  power¬ 
ful  fuel  necessitate  important  modifications  in  the  furnace  design,  the  gen¬ 
eral  principles  remain  the  same.  With  producer  gas  firing,  the  gas  may  be 
derived  either  from  a  producer  built  integrally  with  the  furnace,  or  the 
producer  may  be  situated  at  some  convenient  point  apart  from  the.  furnace, 
the  gas  being  conveyed  to  the  latter  through  a  canal,  which  may  be  arranged 
in  various  ways,  as  will  appear  in  the  engravings  accompanying  this  section. 

The  application  of  gas  firing,  at  first  producer  gas  firing  only,  permitte 
Belgian  furnaces  to  be  built  larger,  affording  at  the  same  time  the i  advan¬ 
tages  derived  from  a  more  equable  temperature  an  a  P  °  rea_ 

in  the  combustion  chamber,  together  with  economy  in  uf\  although 

sons  the  principle  has  been  now  extensively  adopted  in  *  g  >  ° 

numerous  examples  of  the  older  type  still  survive.  Save  “ 
the  more  modern  furnaces,  however,  the  producers  which  are  «££&  am 

chiefly  of  the  Boetius  type,  forming  an  in  eP^herefore  there  are  im- 
witli  that  system  not  all  kinds  of  coa tQ  Jhe  old  method  of  direct 
portant  smelters  m  Belgium  who  sti  director  general  of  the 

firing.  Touching  upon  that  point,  .  •  \<jn  Francc,  Westphalia 

Societe  Anonyme  de  la  \  ieille  Mon  agnt,  j  gas  firing,  with  or 

and  Rhenish  Prussia,  where  a  very  fat  coa  ^  jn  Belgium,  on  the 

without  heat  recuperation,  A8  D°T  gI!!i!fat  direct  firing  is  still  generally 
other  hand,  where  the  coal  is  onl\  1  donted  gas  firing  are  obliged  to 

maintained.  Such  Belgian  works  as  ia\  e  ^  Yieille  Montagne  has 

import  German  coal.  The  Societe  i  n°“«  .  ed  and  consequently  to  avoid 

always  souglit  to  use  the  coal  most  ea si  >  ^  the  more  part  of  its  fur- 

recourse  to  foreign  coal  retains  direc  0f  the  establishment  of  t  e 

naces.”1  In  the  United  States  up  to  th  rally  practised,  the  cost 

works  in  the  natural  gas  fields  direc  r  ^  i)Cing  so  low  that  there  was 
of  coal  in  many  of  the  zinc  smelting 

.Tlie  Mineral  Industry,  VlH.  655‘ 
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little  incentive  toward  economy  in  its  consumption  by  virtue  of  compara¬ 
tively  expensive  recuperative  furnaces,  bucli  other  ad\antages  as  gas  firing 
might  offer  were  undoubtedly  lost  sight  of  through  the  failure  of  the  earl) 
attempts  in  Missouri  and  Kansas*  At  Lasalle  and  1  eru  in  Illinois,  how¬ 
ever,  gas  firing  wTas  early  adopted,  and  has  continued  in  use.  Neither 
in  Europe  or  America  has  the  Siemens  regenerative  s}stem  found  anj 
general  application  with  the  purely  Belgian  type  of  zinc  distillation  fur¬ 
nace  j  and  so  far  as  I  am  aware  the  Illinois  Zinc  Co.,  of  1  eru,  111.,  is  the 
only  concern  in  the  "world  which  after  a  trial  has  retained  it.  this  is  not, 
however,  because  of  an  inapplicability  of  the  Siemens  system  to  the  Belgian 
type,  but  rather  because  in  building  improved  furnaces  the  Belgian  smelt¬ 
ers  themselves  are  showing  a  tendency  to  abandon  the  characteristic  Belgian 
type.  Even  the  furnaces  of  the  Illinois  Zinc  Co.,  although  they  are  by  no 
means  newr  constructions,  embody  some  of  the  important  features  of  the 
Bhenish  type. 

In  the  earliest  gas  fired  Belgian  furnaces  the  width  "was  increased  so  as  to 
give  room  for  flues  in  the  middle  wall.  Two  double  furnaces  were  united 
in  a  block  and  at  each  end  of  the  block  were  placed  two  generators.  The 
products  of  combustion  wrere  led  off  through  vertical  flues  in  the  middle 
walls  to  a  horizontal  flue  communicating  with  a  chimney  placed  centralh 
on  the  block.  The  furnaces  were  built  longer  than  formerly  but  with  fewer 
rows  of  retorts.  Retorts  of  elliptical  cross  section  also  began  to  come  into 
use.  At  Moresnet  generators  of  the  Boetius  and  Grobe-Llirmann  type  were 
employed;  the  former  gave  the  better  results.1  Some  furnaces  were  de¬ 
signed  to  distribute  the  gas  to  various  parts  of  the  combustion  chamber,- 
and  Loiseau  proposed  to  make  the  temperature  more  uniform  by  introduc¬ 
ing  the  air  for  secondary  combustion  at  intervals,  supplying  cold  air  where 
the  gas  was  richest  in  combustible  and  hotter  air  as  the  tenor  in  combustible 
decreased. 

The  gas  fired  furnaces  at  present  in  use  in  Belgium  are  the  Anglcur  and 
Corphalie  types,  being  thus  designated  according  to  the  places  where  they 
are  employed,  and  the  Loiseau  type,  which  is  used  at  Ougree  and  Bleyberg. 
In  the  United  States,  besides  the  Siemens  furnaces  used  at  Peru,  Ill-?  ibo 
Hegeler  furnace,  which  is  employed  at  Lasalle,  is  the  most  important. 

Loiseau  Furnace. — This  furnace,  which  was  invented  in  1878  by  Oscar 
Loiseau,  now  director  general  of  the  establishments  of  G.  Dumont  ct  freres, 
was  designed  with  the  view  of  attaining  a  moderate  and  equable  tempera¬ 
ture  through  a  series  of  combustion  chambers,  rather  than  an  intense  com- 

1  Woohenflchrlft  des  Yercins  deutseh.  Ingenlenre.  1877,  p.  14. 

2  Ibid,  1877,  No.  44. 
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bustion  and  very  high  temperature.  This  was  accomplished  by  introducing 
the  gas  in  one  division  of  the  furnace  and  admitting  the  air  required  for 
its  combustion  at  subsequent  intervals,  the  air  supply  being  preheated  the 
more  the  less  is  the  proportion  of  unburned  gas  remaining.1  It  will  be 
observed  that  the  same  idea  of  the  gradual  introduction  of  the  air  supply 
obtained  in  the  Hegeler  furnace,  which  was  patented  about  the  same  time  ; 
inasmuch  as  both  patents  have  now  expired  the  question  of  priority  in  the 
invention  is  of  no  consequence. 

The  Loiseau  furnace  as  now  used  in  Belgium  has  two  working  faces,  the 
combustion  chamber  being  divided  by  a  middle,  longitudinal  wall,  which 
does  not  rise  so  high  as  the  roof  arch.  The  gas  supplied  by  an  independent 
generator  enters  one  division  of  the  combustion  chamber  and  thence  passes 
over  the  middle  wall  into  the  other  division,  being  fed  gradually  in  the 
latter  with  air  from  ports  in  the  middle  wall,  in  which  suitable  ducts  are 
arranged.;  in  passing  through  them  the  air  is  heated  at  the  expense  of  the 
combustion  going  on  around  the  retorts  on  each  side. 

Loiseau  furnaces  are  now  in  use  at  Ougree  and  at  Bleyberg  in  Belgium. 
At  Ougree,  each  furnace  has  six  rows  of  12  retorts  per  face,  or  144  for  the 
two  faces.  The  retorts  are  elliptical,  0-18X0'20  m.  inside,  and  1-23  to  1-52 
m.  long.  Each  furnace  is  heated  by  a  gas  producer,  outside  of  the  furnace 
house,  opposite  one  of  the  faces  of  the  furnace.  The  second  division  of 
the  combustion  chamber  communicates  by  means  of  a  flue  with  a  chimney 
on  the  other  side  of  the  house.  The  gas  from  the  producer  is  burned  in¬ 
completely  in  the  first  division  of  the  furnace  by  a  moderate  admission  of 
cold  air.  In  the  second  division  the  partially  burned  gas  mixes  with  pre¬ 
heated  air  issuing  from  the  middle  wall  through  ports  at  different  levels. 
The  retort  residues  are  dropped  from  the  face  of  the  furnace  opposite  to 
the  chimney  through  a  slot  in  the  floor  into  pockets,  which  communicate 
with  a  gallery  below  the  floor.  On  the  side  opposite  to  the  gas  producer 
the  canal  from  the  latter  prevents  the  arrangement  of  a  long  slot  in  the  floor, 
and  instead  of  the  latter  there  are  rectangular  openings  to  the  right  and  the 
left  through  which  the  residues  are  dropped.  These  openings  are  sur¬ 
mounted  by  sheet  iron  ventilating  chimneys. 

The  Loiseau  furnaces  at  Bleyberg  are  of  similar  design,  having  2X6X12 
=144  retorts,  but  two  furnaces  are  combined  as  a  massive  (288  retorts), 
which  is  operated  by  a  single  chimney.  Otherwise  the  arrangement  is  much 
the  same  as  at  Ougree. 

Corphalic  Furnace. — The  furnaces  employed  at  the  Austro-Belge  works  at 

1  Belgian  patent  of  March  15.  1878  (application  filed  Feb.  22.  1878);  Revue  Univer- 
selle  des  Mines,  IV,  303;  Berg-  u.  Ililttenm.  Ztg.,  1870,  p.  171. 
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Corphalie  are  peculiar  inasmuch  as  they  have  single  combustion  chambers 
and  only  one  working  face.  Two  furnaces  are  united  end  to  end  to  form  a 
massive.  Each  furnace  contains  seven  rows  of  cylindrical  retorts,  0*20  m. 
in  diameter  inside  and  1-26  m.  in  length  (average).  Each  furnace  has  a 
generator  set  behind  its  rear  wall  and  below  the  level  of  the  floor.  The 
gas  reaches  the  combustion  chamber  through  a  short  flue  and  burns  with  air 
preheated  in  ducts  in  the  rear  wall,  whence  it  issues  into  the  combustion 
chamber  through  ports  at  different  levels  between  the  rows  of  retorts.  At 
Corphalie  there  are  42  of  these  furnaces,  combined  in  21  massives.  The 
production  of  spelter  in  1898  wras  10,729  metric  tons. 

Angleur  Furnace. — At  the  works  of  the  Societe  Anonyme  de  la  Yieille 
Montague  at  Angleur  the  distillation  furnaces  have  two  faces,  the  combus¬ 
tion  chamber  being  divided  into  two  compartments  by  a  longitudinal  middle 
wall  which  does  not,  however,  rise  to  the  roof  arch.  Each  side  contains  five 
rows  of  20  retorts,  in  so  far  as  most  of  the  furnaces  are  concerned,  but  some 
of  the  more  recent  have  only  four  rows  of  20  each.  The  retorts  are  ellip¬ 
tical,  the  interior  axes  being  0*16  X  0*23  m.  and  the  outside  length  T4  m. 
At  the  end  of  one  side  of  the  combustion  chamber  and  under  it,  so  that  the 
charge  opening  is  level  with  the  floor  of  the  furnace  house,  there  are  two 
ordinary  gas  producers, with  grates.  The  products  of  combustion  rise  between 
the  retorts  of  that  side  of  the  combustion  chamber,  pass  over  the  middle 
Avail  and  descend  between  the  retorts  of  the  other  side.  The  air  for  com¬ 
pleting  in  the  second  part  of  the  furnace  the  combustion  of  the  gas  coming 
over  from  the  first  part  is  delivered  through  ports  near  the  top  of  the  middle 
wall,  having  been  preheated  by  circulating  through  ducts  in  the  latter.  This 
method  of  heating  is  similar  to  that  which  is  employed  in  the  Hauzeur 
furnace  (q.  v.).  At  Angleur  two  furnaces  are  joined  end  to  end  to  form  a 
massive,  which  comprises  therefore  400  or  320  retorts,  according  to  the 
number  of  rows  (four  or  five).  There  are  18  massives  in  the  works,  con¬ 
tained  in  three  buildings,  six  in  each,  which  are  approximately  100 Xl^ 
m.,  100X14*75  m.  and  100X  17-(!  m.,  the  last  being  the  most  recent.  The 
Angleur  Avorks  produced  1G/270  metric  tons  of  spelter  in  1898  and  rank 
as  the  second  largest  in  Belgium. 

Boetius  F urnace. — An  early  gas  fired  Belgian  furnace  with  Boetius  gen¬ 
erators  is  shoAvn  in  the  accompanying  engravings.  This  furnace  has  tAA*o 
combustion  chambers  and  a  generator  at  each  end  for  each  chamber,  a  total 
of  foot  generators.  Each  chamber  contains  147  retorts  arranged  in  seven 
rows  of  21,  making  a  total  of  294  for  the  furnace.  The  retorts  are  1*25  m. 
long.  The  combustion  chambers  are  7  m.  long,  1-2  m.  Avide,  and  2*5  m. 
high.  The  generators  are  1-2  m.  deep  and  0-93  m.  wide.  The  flues  con- 


Figs.  303  and  304.  Boetius  Belgian  Furnace. 

Fig.  303  :  Longitudinal  section.  Fig.  304  :  Transverse  section. 
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necting  the  generators  with  the  combustion  chamber  are  0-95 X  0-3  m.  The 
generators  are  charged  at  B  and  kept  constantly  full  of  coal  up  to  the  charg¬ 
ing  door.  The  generators  are  of  the  regular  Boetius  type,  with  sloping  grates. 
The  air  of  secondary  combustion  enters  from  the  tunnel  under  the  furnace 
into  the  flues  E,  which  surround  the  generator,  and  heated  therein  meets  the 
gas  at  D.  The  combustion  chamber  connects  by  the  openings  I  with  a  flue  in 
each  end  wall,  which  flues  rise  vertically  in  the  end  wall  and  traverse  longi¬ 
tudinally  on  the  arch  of  the  furnace,  communicating  with  the  chimney 
through  S.  There  is  also  a  longitudinal  flue  under  the  combustion  chamber 
which  communicates  with  the  chimney  through  P,  the  flue  of  the  chimney 
coming  down  through  the  middle  wall  of  the  furnace.  The  combustion 
chamber  opens  into  the  upper  flue  by  the  ports  qq,  and  into  the  lower  flue 
by  the  ports  nn.  The  idea  of  this  furnace  was  to  produce  a  movement  of 
the  burning  gas  approximately  as  shown  by  the  arrows  Practical  experi¬ 
ence  has  shown,  however,  that  it  is  unnecessary  to  go  to  such  lengths  to  pro¬ 
duce  an  even  circulation  of  the  flames  around  the  retorts. 

Ilegeler  Furnace.— The  Matthiessen  &  Hegeler  Zinc  Co.,  of  Lasalle,  Ill., 
taking  advantage  of  the  inventive  genius  of  Mr.  Edward  C.  Hegeler,  has 
bu  n  in  a  good  many  respects  the  most  venturesome  of  all  the  concerns  en¬ 
gaged  in  zinc  smelting  in  America.  It  was  he  who  first  demonstrated  that 
blende  could  be  roasted  successfully  in  mechanically  raked  muffle  furnaces 
and  he  who  showed  that  gas  firing  practically  eliminated  a  restriction  as  to 
the  height  of  a  distillation  furnace;  only  since  it  would  have  been  incon¬ 
venient  to  build  and  operate  a  furnace  so  high  as  his  system  of  firing  per¬ 
mitted  he  built  a  very  long  furnace  and  turned  the  gas  in  at  one  end,  which 
came  to  substantially  the  same  thing  as  if  he  had  built  a  furnace  of  equal 
height  and  turned  the  gas  in  at  the  bottom.  This  was  accomplished  by  in¬ 
troducing  the  quantity  of  gas  required  to  heat  the  whole  furnace  and  burn¬ 
ing  it  gradually  by  the  introduction  of  air  at  intervals.  The  experience  of 
many  years  at  Lasalle  has  demonstrated  that  this  can  be  done  successfully. 
The  only  natural  limit  of  length  of  furnace  that  I  can  see  is  that  at  which 
the  volume  of  the  gases  of  combustion  would  be  so  great  that  the  dilution 
of  the  unconsumed  gas  by  the  inert  gases  mixed  therewith  would  unduly 
retard  chemical  activity  and  the  cross  section  of  the  furnace,  i.e.,  the  vertical 
dimension  (because  the  horizontal  is  limited  already  by  the  lencflh  of  the 
retort)  would  need  to  be  increased  to  such  an  extent  to  permit  the  passage 
of  the  gases  at  a  suitable  velocity  that  the  bounds  of  economy  would  be 
reached  m  that  direction.  As  to  whether  these  excessively  Ion*  furnaces  are 
good  or  bad  practice  because  of  other  reasons  will  be  discussed  later  on. 
egelcr  s  first  large  furnace,  which  was  erected  in  1872,  had  a  long,  high 
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arched  combustion  chamber  with  three  longitudinal  flues  under  the  hearth. 
The  middle  wall  did  not  rise  so  high  as  the  chord  of  the  arch  and  served 
only  as  a  rest  for  the  rear  ends  of  the  retorts.  Of  the  latter  there  were 
five  rows.  The  uppermost  were  vessels  of  octagonal  cross  section,  1*3  m. 
long,  0-50  m.  high  and  0-20  m.  wide,  inside  measurements.  The  retorts  of 
the.  lower  rows  were  cylindrical,  the  diameters  decreasing  with  successive 
rows.  In  the  highest  row  there  were  36  retorts;  each  of  the  other  four  rows 
had  42,  so  the  total  number  per  side  was  204  and  per  furnace  408.  These 
required  a  combustion  chamber  about  40  ft.  long.  The  arrangement  of  the 
retorts  and  the  peculiar  method  of  taking  up  the  thrust  of  the  arch  are 
shown  in  the  accompanying  engravings.  The  gas  from  a  battery  of  step 
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d 


Figs.  305  and  306.  Early  Form  of  Hegeler  Furnace. 

Fig.  305  •  Longitudinal  section  on  line  CDEFGH  of  Fig.  306.  Fig.  306  :  Transverse  section 

on  line  AB  of  Fig.  305. 

grate  generators  was  led  to  the  furnace  through  the  canal  a ,  which  extended 
under  the  middle  wall  to  the  further  end.  At  each  end  it  rose  through 
flues  hb  and  entered  the  combustion  chamber  through  cc,  uniting  there 
with  air  blown  through  pipes  dd.  The  burning  gas  drew  down  between 
the  retorts  and  escaped  through  ports  ii ,  at  intervals  in  the  hearth,  into  the 
flues  mm  which  led  to  the  chimney.  Those  flues  enclosing  the  gas  flue  a 
presumably  gave  up  some  heat  to  the  incoming  gas.  At  the  time  this  fur¬ 
nace  was  in  use  it  w^as  the  practice  to  distil  two  charges  per  24  hours. 

In  the  modern  Hegeler  furnace  most  of  the  peculiarities  of  the  original 
type  have  been  abandoned,  including  the  high  arch,  retorts  of  different 
shapes,  flues  under  the  hearth,  etc.  There  is  now  a  simple  combustion  oham- 
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In  the  latest  installations  of  the  long  distillation  furnaces  at  Lasalle  Ill 
a  rotary  exhauster  designed  on  the  principle  of  the  well  known  Hoots  blower 
has  been  interposed  between  the  battery  of  gas  producers  and  the  distilla¬ 
tion  furnace  proper.  In  order  to  operate  the  furnaces  to  the  best  advantage 
the  gas  must  be  at  a  uniform  pressure  above  atmospheric  pressure  at  the 
entrance  of  the  combustion  chamber  and  must  have  a  uniform  temperature, 
so  far  as  practicable,  without  losing  any  of  its  sensible  heat.  In  the  older 

^  and  stokinto  openings  of  the  producer  had  to  be 
kept  closed  in  order  to  obtain  the  requisite  pressure  at  the  entrance  into  the 
combustion  chamber  and  when  feeding  and  stoking  were  necessary  the  blast 
under  the  producer  had  to  be  interrupted  or  reduced,  so  that  the  gas  would 
not  drive  through  the  openings  toward  the  operator;  in  removing  the  ashes 
the  blast  had  also  to  be  interrupted.  These  interruptions  led  to  reduction 
of  the  pressure  and  quality  of  the  gas  and  when  the  feeding  and  stoking  holes 
were  open  more  or  less  air  would  naturally  enter  through  them,  either 
burning  the  gas  and  producing  a  high  temperature  in  the  gas  flue,  or  if  the 
temperature  of  the  gas  were  below  the  ignition  point  leading  to  danger  of 
explosions  in  the  gas  flue.  In  the  new  installations  it  is  possible  to  cut  any 
one  of  the  producers  out  of  the  battery  during  feeding  or  stoking  by  an 
arrangement  which  is  shown  diagramaticallv  in  the  accompanying  engrav¬ 
ings  and  more  clearly  in  Chapter  VIII,  'where  the  Hegeler  producer  is  also 
described  and  illustrated  in  detail. 


The  improved  s}rstem  permits  an  approximate  equilibrium  between  the  in¬ 
terior  pressure  of  the  producer  and  the  exterior  atmospheric  pressure  at  the 
feeding  and  stoking  openings  to  be  produced  whenever  desired, so  that  neither 
blowing  out  of  gas  nor  drawing  in  of  air  sufficient  to  cause  burning  in  the 
gas  flue  will  occur  when  the  openings  are  uncovered,  and  at  the  same  time 
without  interfering  with  the  pressure  at  the  entrance  of  the  combustion 
chamber.  This  enables  an  approximately  uniform  movement  of  the  gas  to¬ 
ward  the  combustion  chamber  at  a  nearly  regular  temperature  to  be  main¬ 
tained,  the  necessary  poking  and  feeding  to  pi  event  dviiu  inm  f1 

being  made  possible  without  interrupting  the  operation  0  an>  P*  ^ 

In  the  accompanying  engravings  B  is  the  flue  connec  in,,  ^  ^ 

duoers,  and  CCCC  arc  the  gas  producer*  arranged  our  m  a  bat ery 
combustion  chamber  is  shown  as  if  built  directly  on  u  "rOT'n  '  (1|lute3 
it  there  is  a  longitudinal  arched  tunnel,  with  wlm-i  commimicates 

udo  which  the  retort  residues  are  discharge  .  ■-  through  the 

the  combustion  chamber  at  one  end  and  the  gas  ^  - 

space  between  the  retorts  in  the  combustion  chamber,  where  it 

»U.  S.  patent  No.  030,885.  Aug-  15.  1899’ 
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m  the  ordinary  way,  the  burned  gases  passing  out  at  an  opening  a  in  the  top 
of  the  combustion  chamber,  over  which  a  sheet  iron  chimney  is  suspended 
in  a  manner  to  allow  air  to  enter  it  at  the  bottom  for  producing  a  cooling 
effect  in  the  chimney.  The  opening  a  may  be  more  or  less  closed  for  regu¬ 
lating  the  pressure  in  the  combustion  chamber  by  fire  clay  bricks  or  slabs 
a'  adapted  to  slide  over  the  same. 

Rotary  Blower  for  Hot  Gas. — A  rotary  blowrer,  or  exhauster,  is  placed  in 
the  gas  flue  between  the  gas  producer  and  combustion  chamber  for  drawing 
the  gas  from  the  producer  and  forcing  it  into  the  combustion  chamber.  This 
exhauster  is  run  at  uniform  speed  and  produces  a  uniform  movement  of  gas 
in  the  flue,  automatically  retarding  or  promoting  movement  in  the  producer. 


Figs.  309  and  310.  Rotary  Blower  for  Hot  Gas. 

Fig.  300  :  Transverse  section  through  impellers.  Fig.  310 :  Longitudinal  section  through 

impellers. 


accordingly  as  there  is  a  tendency  to  produce  more  or  less  than  the  required 
amount  of  gas.  The  exhauster  in  the  gas  flue  therefore  cooperates  with  the 
blast  beneath  the  fire  to  lessen  or  promote  the  production  of  gas  in  accord¬ 
ance  with  the  quantity  the  exhauster  takes  away,  and  when  used  with  the 
means  for  increasing  or  diminishing  the  draught  openings  beneath  the  fire, 
so  as  to  admit  more  or  less  air,  according  as  there  comes  less  or  more  than 
the  amount  taken  away  by  the  exhauster,  the  required  equilibrium  in  the 
upper  part  of  the  producer  may  readily  he  secured  and  maintained  while  the 
feeding  and  stoking  openings  are  uncovered. 

The  exhauster  comprises  wings  B1,  supported  on  the  shafts  B~,  which  are 
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extended  transversely  through  an  enlarged  part  of  the  flue  adapted  to  the 
wings  and  supported  in  suitable  hearings  b.  Ihe  wings  are  operated  in 
unison  by  spur-wheels  b'  on  the  shafts  IP.  One  of  the  shafts  is  connected 
with  suitable  gearings  b~,  adapted  to  he  operated  by  a  pulley  />  ,  which  is 
driven  by  a  belt  from  the  power  shaft.  In  order  to  secure  the  exhauster 
against  accidental  high  heats  and  for  keeping  the  shafts,  spur-wheels,  jour¬ 
nals,  and  hearings  cool  the  shafts  are  made  hollow  in  that  part  which  passes 
through  the  gas  flue  and  for  some  distance  upon  each  side.  There  is  a  par¬ 
tition  c  midway  in  the  hollow  shaft.  At  the  ends  outside  the  flue  there  are 
slots  or  openings  c'  communicating  with  the  hollow  of  the  shafts.  I  he 
wings  arc  also  made  hollow,  and  the  openings  c~  in  the  shafts  upon  each  side 
of  the  partition  c  are  made  to  communicate  with  the  hollow  ol  the  wings. 
Hollow  boxings  V  are  placed  upon  the  shafts  so  as  to  cover  the  openings  c' 
and  a  blast  pipe  D'  is  connected  with  the  boxings,  whereby  a  current  of  cold 


Fig.  311.  Rotary  Blower  for  Hot  Gas. 

Section  through  air-boxes  and  shafts,  showing  means  for  cooling  the  latter. 


air  may  be  forced  in  at  one  side  by  an  ordinary  blower,  passing  through 
the  hollow  of  the  shafts  and  out  upon  the  opposite  side. 

The  wings  of  the  exhauster  rub,  or  move  relatively  to  one  another,  at  the 
point  of  approximate  contact,  and  thereby  cleanse  each  other  of  all  accumu¬ 
lations  of  soot  upon  their  adjacent  faces,  except  to  the  extent  of  such  small 
increment  as  will  make  them  fit  more  closely  together;  such  soot  as  remains 
on  them  being  a  non-conductor  tends  to  protect  the  exhauster  by  preventing 
absorption  of  heat  from  the  gas. 

The  soot  accumulations  upon  the  interior  of  that  part  of  the  flue  where 
the  exhauster  is  located  are  subject  to  being  forced  outward  against  the  wall 
by  the  action  of  the  wings,  and  thus  tend  to  produce  objectionable  pres¬ 
sure  upon,  or  contact  between,  the  wings  and  flue.  To  obviate  any  difficulty 
on  that  account,  a  yielding  section  is  arranged  in  the  bottom  and  top  of  the 
flue  where  the  exhauster  is  located,  which  will  give  way  before  any  dangerous 
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pressure  is  created  m  that  manner,  and  also  in  case  of  accidental  explosion. 
Such  a  safety-valve  is  provided  by  forming  part  of  the  arch  E  over  the 
wings,  of  cross-bars  e  laid  sufficiently  close  to  support  a  layer  composed  of  a 
mixture  of  clay  and  coal  dust,  and  of  sufficient  weight  and*  strength  to  resist 
the  gas  pressure  and  yet  yield  to  any  outward  pressure  resulting  from  soot 
accumulations  being  forced  outward  by  the  action  of  the  wings  of  the  ex¬ 
hauster.  The  bottom  part  E'  is  made  of  a  layer  of  similar° composition 
supported  on  a  bed  of  dust  e',  piled  upon  the  floor  under  the  gas  flue.  These 
yielding  parts  of  the  flue  not  only  adapt  it  to  utilize  the  soot  accumulations 
for  maintaining  a  close  fit  of  the  wings  in  the  flue,  but  also  afford  means  of 
easy  access  to  the  interior  of  the  flue  for  cleaning  or  repair.  When  the  ex¬ 
hauster  in  the  gas  flue  is  out  of  repair,  the  gas  is  carried  around  it  by  means 
of  a  by-pass,  while  the  repairing  is  being  done.  The  battery  of  producers 
in  such  case  may  be  worked  by  means  of  the  valves  controlling  the  com¬ 
munication  of  the  several  members  with  the  gas  flue  and  the  escape  chimney, 
whereby  any  single  producer  may  be  cut  out  during  the  feeding,  stoking  and 
clinkering  thereof,  the  other  producers  of  the  battery  furnishing  the  supply 
of  gas  in  the  meanwhile,  the  blast  beneath  the  fire  being  of  sufficient 
strength  to  be  turned  on  with  increased  force  at  the  same  time. 

Advantages  and  Disadvantages  of  Long  Furnaces. — I  have  no  data  as 
to  the  technical  and  commercial  results  of  the  Ilegeler  furnaces.  I  he  fact 
that  they  are  successful  at  Lasalle,  as  to  which  there  is  no  doubt,  does  not 
imply  that  they  are  the  best,  which  could  be  determined  only  by  a  pract  ical 
trial  against  some  other  type  of  furnace  under  identical  conditions.  Their 
design  involves,  however,  certain  theoretical  principles  which  are  capable  o 
discussion.  (1)  In  the  first  place  as  to  consumption  of  fuel:  There  can¬ 
not  possibly  be  any  economy  as  compared  with  a  well  designed  urnace 
another  type,  because  the  products  of  combustion  discharged  ma  > 

°ne  long  furnace  must  be  of  the  same  volume  and  temperature  a& 
equivalent  number  of  shorter  furnaces,  i.e.,  the  heat  lost  m  l  ie  eiim  y 
gases  would  be  the  same  in  either  case ;  the  number  o  eni  v 
smaller  there  is  less  radiating  surface  exposed,  but  ie  ccon 
direction  would  be  insignificant :  on  the  other  hand  it  is  like  y  ^ 

gas  which  reaches  the  last  sections  of  th” 

much  diluted  by  the  great  volume  of  carl »omc  acu  a  whieh  would 

previous  combustion  that  its  chemical  activity  is  r"  ’  lv  retarded 

imply  iniperfoct  combustion;  at  all  events  com  theoretieal  considera- 

other  processes  in  precisely  that  manner.  distillation  furnaces 

lQns  it  would  appear,  therefore,  that  extreme  }  0  •  contrary, 

not  tend  toward  the  maximum  economy  m  M 


458 


METALLURGY  OE  ZINC. 


There  is  an  advantage,  however,  in  the  arrangement  of  the  gas  producers 
for  a  large  furnace  that  must  not  be  overlooked.  The  furnace  will  require 
so  much  gas  that  no  single  generator  can  supply  it.  There  must  be,  there¬ 
fore,  of  necessity  a  battery  of  generators  to  each  furnace,  and  such  battery 
can  be  placed  close  to  the  furnace,  thus  preserving  much  of  the  heat  of  pri¬ 
mary  combustion  of  the  coal  and  at  the  same  time  affording  the  even  supply 
of  gas  that  can  be  maintained  only  when  several  generators  are  grouped  in 
a  battery.  It  is  also  more  economical  to  deliver  coal  to  them  and  manage 
the  producers.  These  advantages  are  not,  however,  necessarily  restricted 
to  t x< < ssiv el}  long  furnaces.  (2)  Labor:  Long  furnaces  are  charged  from 
end  to  end,  the  most  easily  reducible  material  being  put  in  the  retorts  next 
to  the  chimney  end.  The  charging  is  done  according  to  tiers  of  retorts 
instead  of  by  rows.  This  method,  which  obtains  also  with  the  Iola  fur¬ 
naces,  permits  of  a  better  systematization  of  labor,  aided  by  the  application 
of  labor  saving  devices  which  is  possible  with  long  furnaces.  There  is  no 
doubt  that  long  furnaces  lead  to  an  economy  in  labor.  (3)  Extraction  of 
metal .  Assuming  that  the  labor  be  so  systematized  that  the  charged  retorts 
are  exposed  to  the  necessary  heat  for  the  requisite  length  of  time,,  the  per¬ 
centage  of  metal  extracted  from  the  ore  will  depend  largely  upon  the  ability 
o  maintain  the  proper  temperature  toward  the  chimney  end.  There  is  no 
doubt  that  the  long  furnaces  run  cooler  there  than  toward  the  gas  inlet  end. 
However,  the  retorts  of  the  chimney  end  are  naturally  charged  with  the 
^1°.re  eas1^  reducible  material,  such  as  blue  powder,  skimmings,  etc. 

(  )  irst  cost .  1  here  is  undoubtedly  a  saving  in  first  cost  per  retort  the 
longer  the  furnace  is,  not  only  in  material  and  labor,  but  also  in  floor 
pace  am  uilding  to  cover  it.  On  the  other  hand  there  is  the  disadvantage 
ia  m  putting  a  furnace  out  of  operation  for  repairs  the  capacity  of  the 
works  may  be  immoderately  reduced.  Thus,  if  a  plant  comprised  2000 
rt  oi  <  i\K  e<  u  tv  eon  two  furnaces,  the  repairing  of  either  one  would 
rec  uce  temporarily  the  output  of  the  works  by  50%,  while  if  the  same 
nmn  <r  o  retorts  weie  divided  among  five  furnaces  the  stopping  of  any 
one  would  cause  a  reduction  of  only  20%. 


Producer  Gas  Fired,  Recuperative. 

a  fired  B<  1,-ian  furnaces  are  to  be  found  with  heat  recuperation  by  three 
ytems,  vis  the  reversing,  with  checker-works  for  Loth  air  and  gas,  as  in  the 
Siemcns-Bclgian ;  reversing,  with  checker-works  for  air  alone,  as  in  the  For- 
r.ms,  and  continuous,  or  counter-current,  as  in  the  Com  ers  and  De  Saulles. 

u  uinaces  of  this  type  the  regenerative  chambers  are  arranged 


DISTILLATION  FURNACES. 


459 


di recti)  beneath  the  combustion  chambers.  In  the  case  of  open-hearth  steel 
furnaces  the  construction  wherein  the  working  hearth  is  founded  on  the 
arches  of  the  alternately  heating  and  cooling  regenerative  chambers  has  been 
severely  criticized,  but  in  this  respect  the  zinc  distillation  furnace  is  differ¬ 
ent,  the  hearth  of  the  combustion  chamber  having  no  function  to  perform. 
However,  the  Bor  furnace,  which  has  been  deemed  worthv  of  extended 
description  herein  because  of  the  novelty  of  its  idea  and  the  eminence  of  its 


Fig.  312.  Siemens-Belgian  Furnace. 

Transverse  vertical  section. 

inventor,  although  it  did  not  come  into  regular  use,  shows  vertical  regenera¬ 
tive  chambers  at  each  end.  The  gas  fired,  recuperative  Belgian  furnaces, 
which  with  a  single  exception,  are  comparatively  recent  designs  are  charac¬ 
terized  by  many  features  taken  from  tbe  Rhenish  type,  so  that  their  proper 
classification  is  often  doubtful. 

Siemens-Belgian  Furnace. — The  Siemens  system  of  regenerative  gas 
firing  tends  itself  easily  to  the  Belgian  distillation  furnace,  the  regenerative 
chambers  being  installed  in  rooms  under  the  hearths  of  the  combustion 


460 


METALLURGY  OF  ZINC. 


chambers.  The  typical  arrangement  is  shown  in  hig.  312,  which  does  not 
require  an  extended  description.  The  reversing  valves,  not  shown,  are  at  the 
end  of  the  massive.  The  gas  and  air  enter  the  respective  regenerative  cham¬ 
bers  of  one  side  of  the  furnace,  and  from  them  are  delivered  through  alter¬ 
nate  ports  into  the  overlying  division  of  the  combustion  chamber,  beneath 
the  lowest  row  of  retorts.  Passing  over  the  longitudinal  wall  into  the  other 
division,  the  flames  envelop  the  retorts  therein  and  escape  through  the  ports 
of  that  side  into  the  corresponding  pair  of  regenerative  chambers  and  thence 
to  the  chimney.  At  the  end  of  30  minutes  the  directions  of  currents  are 
reversed  and  so  on. 

For  various  reasons  the  Siemens  furnace  did  not  meet  with  much  favor  in 
Belgium  until  recently.1  They  were  installed  at  Overpelt  in  1893,  at 


Fig.  313.  Siemkxs-Bklgian  Furnace. 

Front  elevation  and  longitudinal  section  through  ports  communicating  with  the  regenerative 

chambers. 


Prayon  in  1894,  and  at  Engis.  In  1898  and  1899  additional  massives  were 
erected  at  both  Prayon  and  Engis  to  replace  older  types  of  furnaces.  All 
of  those  constructions  have  partaken,  however,  of  the  Rhenish  form  of  fur¬ 
nace,  rather  than  the  purely  Belgian,  and  they  have  previously  been  de¬ 
scribed  under  that  caption. 

In  the  T  nited  States  there  have  been  three  installations  of  Siemens- 
Belgian  furnaces,  namely  by  the  Granby  Mining  and  Smelting  Co.  at  Pitts¬ 
burg.  Ivan,  (built  in  1882)  ;  the  Rich  Hill  Mining  and  Smelting  Co.  at 


1  Some  of  tho  objections  that  have  been 
made  against  the  Siemens  furnace  are  its 
high  first  cost  and  subsequent  large  expense 
for  repairs  and  renewals,  the  higher  class 
of  labor  required  for  its  successful  manage¬ 
ment,  its  production  of  a  higher  temperature 


than  is  required  for  the  distillation  of  the 
charges  in  small  Belgian  retorts,  and  diffi¬ 
culties  in  its  operation,  among  others  the 
choking  of  the  checkerworks  by  accumula¬ 
tions  of  zinc  oxide  volatilized  from  leaky  re¬ 
torts, 
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Rich  Hill,  Mo.  (built  about  the  same  time  as  the  Granby  works),  and  the 
Illinois  Zinc  Co.  at  Peru,  111.  The  last  is  the  only  one  of  the  three  which 
continues  to  use  them.1  The  Sicmens-Belgian  furnaces  which  have  been 
used  in  the  United  States  have  had  certain  points  of  resemblance  to  the 
Rhenish  type  of  furnace,  especially  in  having  only  a  few  rows  of  retorts 
and  the  retorts  of  comparatively  large  elliptical  section.  The  deep  niches 
and  other  characteristic  details  of  that  type  have  not,  however,  obtained. 
The  furnace  at  Rich  Hill  had  three  rows  of  retorts  per  side,  48  in  a  row, 
making  a  total  of  144  per  side  and  288  for  the  furnace.  The  furnace  at 
the  Granby  works  had  2X4X50=400.  At  Peru,  Ill.,  there  are  now  fur- 
naces  with  2X4X50=448,  2X4X00=480  and  2X4X68=544;  but  the 
original  furnaces  at  Peru  were  of  the  same  dimensions  as  those  at  Rich 
Hill,  Mo.  The  retorts  at  Peru  are  51  in.  long  and  11X7-5  in.  diameter  in¬ 
side.  Those  at  Rich  Hill  and  the  Granby  works  had  about  the  same  dimen- 
sions.  The  furnaces  at  each  of  these  places  were  essontiall)  1  ia  1  us 
trated  in  Fig.  312.  The  2X3X48=288  furnaces  at  Rich  Hill  and  T 'era 
were  about  60  ft.  long.  The  regenerative  chambers  were  2.  i  •  > 

aggregate  checkerwork  comprising  30,000  brick.  1(  K  m^^gfaiiations 
-i-  a  charge  o£  16,000  to  17,000  lb.  of  “Ittd 

were  made  with  the  old  form  of  Siemens  genera  ,  means 

siphon  draught  pipe.  At  Peru,  however,  the  gas  is  now  produced  by  mea 

of  Taylor  generators.  oipmens  furnaces  were 

Roth  at  Rich  Hill  and  at  the  Granby  works  the  ►  rather 

failures.  So  far  as  I  can  learn  the  troul»  c  works  informing  me 

than  with  the  furnaces,  the  foreman  of  t  Urmdnned!  that  it  was  ira- 

(many  years  after  the  Siemens  furnace  there  wax  a  .  .  jt  js  generally 

possible  to  heat  the  furnace  properly  because  o  ac  ^  never  a  g00d  one, 
conceded,  I  believe,  that  the  Siemens  gas  pro*  u '  ^  of  the  siemens  re- 
the  widespread  use  it  found  being  due  to  ie  ex  ^  Pittsburg,  Kan., 

generative  system.  The  coal  at  both  Rjc  1  1  ’  jn  a  good  generator 

is  a  badly  clinkering  one  which  would  giu  rou  ^^ined  with  the  Siemens, 
and  it  is  not  surprising  that  poor  results  ^cre  .  n  a  puCcess. 

At  Peru,  Ill.,  the  Siemens  furnaces  appear  to  u  modifieation  0f  the  Sie- 
Charles  F.  Xeureuther,  of  Peru,  Ill*,  Pa  cr*  .  'wp;ch  the  air  and  gas  are 
mens  regenerative  Belgian  distillation  urnac  ,  ^  ejiarn|l0r  by  means  o 

partially  discharged  half  wav  up  in  the  co  longitudinal  wal , 

vertical  ducts  and  corresponding  P°r  s  1  emp,oyB 

a  «».  Cmnhy  works  have  hoen  abandoned  ^ 

torn  down.  The  Rich  Hill  works  have  aace  being  (11sman 
lately  operated  under  lease  1>7 
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which  arrangement  is  illustrated  in  the  accompanying  engraving.  In  the 
Siemens  regenerative  Belgian  furnaces  built  heretofore  in  the  United  States 
the  gas  and  air  have  been  discharged  under  the  lowest  row  of  retorts;  with 
that  method  of  heating,  according  to  Neureuther,  the  retorts  of  the  upper 


Fig.  314.  Xeureutiier  Siemens  Furnace. 


rows  have  not  been  so  highly  heated  as  those  of  the  lower,  with  the  result 
that  the  ore  charged  into  the  upper  retorts  has  required  a  longer  time  for 
distillation  and  the  residues  have  been  richer  in  zinc  than  they  ought  to  be. 
He  claims  that  by  introducing  the  gas  and  air  at  different  points  in  the 
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height  of  the  combustion  chamber  a  more  uniform  temperature  is  obtained ; 
also  that  the  capacity  of  the  furnace  is  increased  and  that  it  is  practicable 
to  install  at  least  one  more  row  of  retorts  than  in  the  older  furnaces.1  The 
building  of  ducts  in  the  middle  of  the  longitudinal  wall  necessitates  that  the 
latter  be  made  thicker  at  the  bottom,  on  which  account  the  retorts  of  the 
lowest  two  rows  are  made  necessarily  shorter  than  those  of  the  upper.  This 
furnace  is  in  use  at  the  works  of  the  Illinois  Zinc  Co. 


Fig.  315.  Don  Furnace. 

Section  on  line  AR  of  Fig.  31G. 


- 

Tel 


£ 


Don  Furnace. — Emile  Dor,  now  deceased,  who  was  for  many  years  direc¬ 
tor  of  the  Laminne  works  at  Antheit,  Belgium,  patented  a  regenerative  fur¬ 
nace  in  which  the  heat  recuperating  chambers  were  placed  at  the  ends  of  the 
furnace  instead  of  beneath  the  combustion  chamber  as  ordinarily.2  As 
shown  in  the  patent  specifications  the  two  combustion  chambers  of  the  fur¬ 
nace  were  characterized  by  large  free  spaces  above  and  below  the  ranks  of  the 
retorts.  At  the  bottom  a  large,  arched  opening  through  the  middle  wall 

i  United  States  patent.  No.  6(10.300.  Jan.  22,  1001. 

»  British  patent.  No.  22,604,  of  1801. 
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Ferraris  Furnace. — This  furnace,  invented  by  Erminio  Ferraris,1  lias 
lately  been  introduced  at  the  works  of  the  Societa  di  Monteponi,  in  Sar¬ 
dinia.  where  it  has  given  very  successful  results.  It  is  gas  fired  and  heat 
recuperative,  but  has  regenerative  chambers  for  air  alone,  the  gas  being 
delivered  already  hot  from  the  generator  (which  should  be  therefore  set  as 
near  the  furnace  as  is  convenient)  and  being  further  preheated  only  by  cir- 


Fre.  318.  Dor  Furnace. 

Horizontal  sections  showing  courses  of  air  and  gases. 

culation  through  flues  in  the  middle  longitudinal  wall,  which  divides  the 
furnace  into  two  separate  combustion  chambers.  The  movement  of  the 
turning  gas  through  the  combustion  chambers  is  longitudinal,  but  the  direc¬ 
tion  of  the  current  is  periodically  reversed,  wherefore  there  is  no  cold  end. 
Beneath  each  combustion  chamber  there  are  two  heat  recuperative  chambers, 
filled  with  hollow  brick,  standard  fire  brick,  or  tiling,  in  such  a  way  as  to 
form  numerous  horizontal,  parallel  Hues,  which  are  divided  into  two  groups 
n  a  horizontal  partition,  compelling  the  products  of  combustion  entering 
1  United  States  patent.  No.  714,685,  Dec.  2,  1902. 


Figs.  319  ant>  320.  Feiuiar  is  Furnace. 

F*ljr.  310:  Vortical  section  on  line  edef  of  Fig.  822.  Flic.  120:  Vortical  section  on  line  06  of  Fig.  223. 

Seale,  1  :$o. 
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DISTILLATION  FURNACES. 


4G7 


at  one  end  of  the  recuperative  chamber  from  the  corresponding  end  of  the 
combustion  chamber  to  traverse  horizontally  through  the  recuperative  cham¬ 
ber.  first  through  the  upper  division  toward  the  middle  of  the  furnace  and 
thence  backward  through  the  lower  division  to  the  end,  where  communica¬ 
tion  is  made  with  a  longitudinal  flue  leading  to  a  main  flue  which  takes  off 
from  the  middle  of  the  furnace  to  the  chimney. 


Ti  •  -i.  furnace  house,  is 

e  gas  from  the  producer,  situated  at  one  ?u  1  furnace  over- 

,C  l'ered  through  a  properly  lined  pipe  to  the  cen  u  0  a  vajve  alter- 
whence  it  can  be  directed  by  changing  th<  P0*1  ^he  flues  in 

n!*  ('\^°  one  end  of  the  furnace  or  the  other,  passing  ^  p0rfs  below 

e  middle  wall.  It  enters  the  combustion  chain  "r[  to  a  line 
“*  '»»«t  row  „f  retorts,  which  ports  arc  provided  at  mt< 
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midway  and  transversely  through  the  combustion  chambers,  so  that  the  gas, 
instead  of  merely  entering  at  the  end,  is  distributed  through  the  latter,  thus 
insuring  complete  combustion  oT  the  gas  by  gradual  admixture  with  air  and 
a  proper  heat  in  the  middle  of  the  combustion  chamber,  which  might  other¬ 
wise  average  a  little  cooler  than  the  ends.  In  the  flue  leading  to  the  chim¬ 
ney  there  is  a  reversing  valve  to  change  the  current  of  the  products  of  com- 


c 


■Emm 


- Air 

*< - ^Gos 

Products  of  Combustion 


Fig.  322.  Ferraris  Furnace. 

Horizontal  section  on  line  opijr  of  Fig.  3H). 


bustion,  which  valve  is  connected  with  the  gas  valve  over  the  furnace,  so 
that  the  entire  system  will  be  operated  together. 

In  operation  the  gas  entering  at  one  end  of  the  furnace  meets  the  hot  air 
issuing  from  the  recuperative  chambers  corresponding  to  that  end.  The 
burning  gas  passes  horizontally  toward  the  other  end  of  the  combustion 
chambers,  enveloping  the  retorts  on  the  way,  and  thence  escapes  into  the 
recuperative  chambers  corresponding  to  that  end,  traveling  horizontally 


Horizontal  section  through  gas  ports. 
Scale,  1:80. 
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through  their  flues  ami  making  a  return  pass  before  reaching  the  large  flue 
leading  to  the  chimney.  Jn  the  meanwhile  the  air  for  the  combustion  of 
the  gas  is  entering  through  the  flues  of  the  opposite  pair  of  recuperators. 
At  the  end  of  the  proper  interval  the  direction  of  the  currents  of  air  and 
gas  is  reversed. 

This  furnace,  which  is  designed  on  thoroughly  scientific  principles,  has 
the  important  advantages  of  maintaining  an  equable  temperature  through¬ 
out  a  great  length,  and  at  the  same  time  permitting  the  installation  of  a 
heat  recuperative  system  of  high  efficiency.  The  appropriation  of  the 
entire  available  space  under  the  combustion  chambers  to  regenerative  cham¬ 
bers  for  air  alone  simplifies  the  construction  as  compared  with  Siemens 
furnaces,  in  which  heat  is  recuperated  through  the  media  of  both  gas  and 
air.  With  regenerators  for  air  alone  there  is  no  trouble  from  gas  leakages 
and  the  hot  brick  of  the  flues  is  subjected  only  to  the  strongly  cooling  action 
of  cold  air.  The  gas,  which  is  delivered  to  the  furnace  from  above,  arrives 
with  much  of  the  heat  of  the  primary  combustion  in  the  producer,  and  is 
further  heated  during  its  circulation  through  the  flues  in  the  middle  longi¬ 
tudinal  wall;  the  heat  that  is  acquired  in  the  latter  manner  is  no  actual 
gain,  however,  inasmuch  as  it  is  abstracted  by  conduction  and  radiation 
from  the  combustion  chambers  to  which  it  is  immediately  returned  as  caloric 
of  the  gas.  The  furnaces  at  Monteponi  have  180  large  retorts  per  massive 
and  smelt  from  6000  to  7000  kg.  (13,228  to  15,432  lb.)  of  calcined  ore  per 
24  hours.  The  fuel  employed  is  lignite  of  low  calorific  power. 

Convf.rs  &  De  Saulles  Furnace. — This  furnace,  patented  by  George  G. 
Convers  and  Arthur  B.  De  Saulles,1  is  a  highly  developed  example  of  a  dis¬ 
tillation  furnace  designed  for  the  counter-current  system  of  heat  recupera¬ 
tion,  in  which  not  only  is  the  air  preheated,  but  also  the  gas  to  some  extent. 
The  construction  of  the  furnace  is  shown  in  Figs.  324  to  328.  It  has  a 
single  combustion  chamber,  in  which  the  inner  ends  of  the  retorts  are  sup¬ 
ported  in  much  the  same  way  as  in  the  Rhenish  type  of  furnace,  while  the 
circulation  of  the  flames  is  similar,  but  in  the  reverse  direction,  the  products 
of  combustion  escaping  through  a  shaft  on  the  middle  line  of  the  furnace, 
between  the  ranks  of  retorts  on  each  side.  The  admission  of  gas  and  air 
takes  place  through  ports,  which  are  similar  in  arrangement  to  those  of  the 
Siemens-Belgian  furnace. 

I  ho  gas  from  the  producers  enters  through  the  canal  77,  passing  thence 
through  the  uptake  I  into  the  canals  .7.7,  from  which  it  is  discharged  into 
the  combustion  chamber  through  the  ports  cl,  shown  in  Fig.  327  and  by  the 
dotted  lines  in  Fig.  324.  The  air  enters  through  the  canal  E,  passing  into 

1  United  States  patent,  No.  712,502,  Nov.  4,  1002. 


DISTILLATION  FURNACES. 


471 


the  flues  DD,  and  thence  rising  through  the  spaces  between  the  flues  in  the 
recuperative  chambers  FF  into  the  canals  GG,  whence  it  is  distributed  into 


Fig.  324.  Convers  &  Fe  Saulles  Furnace. 

Vertical  section  on  line  I-I  of  Figs.  326  and  328. 


the  combustion  chamber  by  means  of  the  ports  c,  which  alternate  with  the 
<ms  ports  d.  The  products  of  combustion  pass  downward  through  the 
opening  .4  into  the  canal  K,  whence  by  means  of  the  downtake  L  they  are 
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divided  to  the  right  and  left,  entering  the  horizonal  flues  of  the  recuperative 
chambers  FF.  These  flues  are  divided  into  two  series,  so  that  the  products 
of  combustion  are  caused  to  make  a  return  pass,  as  shown  in  Fig.  325,  finally 
entering  the  flue  M,  from  which  they  are  led  to  the  chimney. 

In  the  patent  specification  the  inventors  of  this  furnace  state  that  in 
practice  (presumably  at  works  of  the  New  Jersey  Zinc  Co.)  they  have  ascer¬ 
tained  that  its  operation  “is  accompanied  with  a  notable  increase  in  the 


Fio.  325.  Convebs  &-  De  Saulles  Furnace. 

Longitudinal  section  through  recuperative  chamber  on  line  V— V  of  Fig.  327. 


output  of  spelter,  a  considerable  saving  in  fuel,  and  a  marked  decrease  in  the 
loss  of  retorts  incident  to  the  usual  forms  of  Belgian  furnaces.”  It  will  be 
obsened  that  th<  gas  entering  from  the  producers  is  conveyed  through  the 
canals  JJ,  situated  between  the  recuperative  chambers  and  the  flues  for  the 
outgoing  products  of  combustion  before  the  latter  have  entered  the  recu¬ 
perative  chambers,  in  consequence  whereof  the  gas  itself  is  preheated  to  a 
very  high  degree,  it  being  found  that  the  temperature  prevailing  in  the 
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canals  JJ  is  so  high  that  their  brickwork  is  raised  to  cherry  red,  which  is 
almost  if  not  quite  equal  to  the  temperature  of  the  walls  of  the  canals  GG. 


Natural  Gas  Fired. 

In  the  United  States  there  are  three  districts  where  zinc  smelters  use 
natural  gas  as  fuel.  These  are  the  vicinity  of  Marion,  Ind.,  Iola,  Ivan.,  and 
Cherry  vale,  Kan..  The  first  is  a  long  distance  from  the  mines  of  Kansas, 
Missouri.  Wisconsin  and  Tennessee.  The  second  and  third  are  near  the 
mines  of  Kansas  and  Missouri.  With  natural  gas  available  as  fuel  and  of 
so  little  pecuniary  value  as  it  was  held  to  be  in  each  of  the  districts  above 
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mentioned,  the  distillation  furnace  is  reduced  to  its  elemental  form,  i.e.,  a 
simple  combustion  chamber  in  which  the  gas  can  be  burned  around  the  re¬ 
torts,  without  fireplace  and  without  heat  recuperative  system.  Natural  gas 
firing  is  obviously  applicable  to  any  type  of  furnace.  In  the  United  States 
it  has  been  applied  to  two  types,  namely,  the  ordinary  Belgian  and  the 
Hegeler-Belgian.  The  first  natural  gas  fired  furnaces  were  built  in  Indiana. 

Indiana  Furnaces. — The  Indiana  furnaces  are  essentially  simple  Belgian 
furnaces  into  which  the  gas  is  turned  under  the  lowest  rows  of  retorts. 
The  hearth  of  the  combustion  chamber  corresponds  with  the  ground  level 
and  there  are  no  ash  tunnels  below  it.  At  the  Columbia  Zinc  Works  (James 
Latourette)  at  Marion  there  are  two  furnaces  with  100  retorts  per  side,  ar¬ 
ranged  in  five  rows  of  20  each,  making  200  retorts  for  the  furnace.  From  a 
gas  main  above  the  furnace  a  branch  (%  in.  pipe)  is  brought  down  in  front 
of  every  buckstave  or  stanchion.  From  these  branches  a  horizontal  bent 
pipe  leads  into  the  furnace  on  each  side  of  the  buckstave,  passing  through 
a  circular  hole  in  the  front  walls  of  the  furnace,  which  hole  is  large  enough 
to  permit  air  to  enter  around  the  pipe;  there  is  one  of  these  branches  under 
the  lowest  row  of  retorts  and  another  from  the  same  vertical  pipe  under  the 
second  row  from  the  top.  Besides  the  air  which  is  drawn  in  around  the 
gas  pipes,  air  is  also  blown  in  under  a  slight  pressure  from  two  galvanized 
iron  mains  extending  longitudinally  over  the  furnace.  The  alternate 
stanchions  of  the  furnace  fronts  are  rectangular,  hollow  iron  castings,  with 
openings  corresponding  to  ports  through  the  pillars  of  the  front  lining 
against  which  the  stanchions  abut.  These  stanchions  are  connected  with 
the  air  mains  and  air  is  blown  into  the  furnace  through  them.  There  are 
also  two  flues  in  the  middle  wall,  one  each  side,  with  ports  opening  into 
the  combustion  chamber  just  under  the  lowest  row  of  shelves.  These  flues 
are  connected  with  the  air  mains  by  galvanized  iron  pipes  leading  down 
against  the  end  walls  of  the  furnace.  The  furnace  has  two  chimneys,  one 
at  each  end.  The  gases  of  combustion  escape  through  four  flues  on  each 
side  into  canals  leading  to  the  chimneys.  These  furnaces  were  built  in  189'. 

The  furnaces  built  originally  at  Marion  are  single  combustion  chambers, 
each  containing  400  retorts  arranged  in  five  rows  of  80  each.  There  are 
two  furnaces  in  a  house,  set  back  to  back  with  a  wide  alley  between  them. 
The  rear  walls  are  9  in.  thick,  not  including  the  lining.  The  gas  is  intro¬ 
duced  at  8  oz.  pressure  through  small  pipes,  fitted  with  air  mixers  on  the 
Bunsen  burner  principle,  passing  through  holes  (18  in.  apart)  in  the  back 
wall  under  the  lowest  row  of  retorts.  The  products  of  combustion  escape 
through  four  flues  in  the  roof  into  canals  communicating  with  four  chim¬ 
neys,  each  chimney  being  common  to  the  two  furnaces.  The  furnaces  are 


Fig.  329.  Distillation 


s'  Fu knack  IN  Operation  at  Ingalls,  Tnd. 
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divided  hv  paiting  walls  into  sections,  worked  by  independent  crews,  and 
are  therelore  a  series  of  simple  furnaces  built  end  to  end.  The  firing  is 
under  the  control  of  one  man. 

At  Ingalls,  lnd.,  there  is  one  furnace  of  2X4X40=320  and  one  of 
2X4X53 — 424.  The  retorts  at  Jngalls  are  48‘5  and  51  in.  long  and  8  in. 
diameter  inside.  The  gas  is  admitted  under  the  lowest  row  of  retorts 
through  pipes  inserted  between  each  tier  of  retorts,  and  between  the  second 
and  third  rows  by  a  pipe  at  every  other  buckstave.  Air  is  admitted  freely 
around  the  lower  gas  jets.  Each  side  of  the  320  retort  furnace  has  10  flues, 
which  communicate  with  a  common  flue  built  on  top  of  the  middle,  longi¬ 
tudinal  wall.  The  accompanying  engraving  is  from  a  photograph  of  this 
furnace  in  operation.  At  Epland,  lnd.,  there  are  double  furnaces  with 
2X5X22=220  retorts  and  2X5X20=260. 

The  Edgar  Zinc  Co.  at  its  works  at  Chcrrvvale,  Kan.,  adopted  a  furnace 
of  the  Indiana  type,  but  of  more  economical  design  and  more  substantial 
construction.  It  has  200  retorts,  100  on  each  side  arranged  in  five  rows 
of  20  each.  There  is  a  central  tunnel  under  the  furnace  on  the  arch  of 
which  the  middle  wall  stands.  Through  the  arch  on  each  side  there  are 
ports  leading  into  the  combustion  chambers,  under  the  lowest  row  of  retorts, 
through  which  the  gas  pipes  are  inserted,  the  gas  being  taken  from  a  main  in 
the  tunnel.  Along  the  two  fronts  of  the  furnace  there  are  horizontal  gas 
pipes,  just  below  the  third  row  of  retorts  (counting  from  the  lowest  upward) 
from  which  gas  is  admitted  into  the  combustion  chambers  between  every 
two  retorts,  i.e.,  at  each  stanchion.  The  gas  enters  the  furnace  at  4  oz. 
pressure.  There  are  three  furnaces  in  a  house,  set  end  to  end  but  with  con¬ 
siderable  space  between  them,  an  arrangement  which  permits  of  a  satisfac¬ 
tory  arrangement  of  service  tramways  and  makes  the  furnace  house  a  rea¬ 
sonably  comfortable  place  in  which  to  work.  The  general  arrangement  of 
the  Cherryvale  works  is  shown  in  the  engraving  on  page  012. 

Tola  Furnaces. — The  natural  gas  fired  furnaces  employed  in  the  vicinity 
of  Ida,  Kan.,  are  direct  adaptations  of  the  Hegeler  furnace,  with  which  the 
original  Ida  type  was  almost  identical ;  but  the  difference  between  the  prop¬ 
erties  of  natural  gas  and  those  of  coal  gas  compelled  the  introduction  of 
modifications  in  order  to  obtain  satisfactory  results.  Most  of  the  furnaces  in 
this  district  have  000  retorts=300  per  side,  arranged  in  five  rows  of  00  each, 
or  020  retorts=2X5X02.  and  000=2X5X66.  The  retorts  are  cylindrical, 
50  in.  long  outside  and  8  in.  in  diameter  inside.  Tn  the  earliest  furnaces 
the  gas  was  admitted  by  means  of  pipes,  fitted  with  Bunsen  burners,  passing 
through  ports  in  one  of  the  end  walls,  and  traversing  longitudinally  through 
the  combustion  chamber  the  burned  products  escaped  through  chimneys  at 
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the  other  end.  Air  was  also  admitted  at  intervals  through  the  long  sides  of 
the  furnace.  Great  trouble  was  experienced  at  first  by  the  deposition  of  soot 
around  the  retorts  from  the  dissociation  of  the  hydrocarbons  of  the  gas, 
especially  at  the  gas  inlet  end.  These  deposits  would  frequently  choke  the 
spaces  between  the  retorts  and  would  have  to  be  barred  out.  In  the  later 
furnaces  the  gas  was  introduced,  together  with  the  air,  at  intervals  along  the 
front  of  the  furnace;  or  it  was  introduced  partly  in  that  manner  and  partly 
through  one  end  as  was  done  originally.  In  the  latter  case  the  first  few  feet 
of  the  combustion  chamber  was  free  from  retorts,  affording  the  gas  an 
opportunity  to  mix  thoroughly  with  air  and  be  in  active  combustion  before 
enveloping  the  first  tier  of  retorts.  In  the  front  wall  of  the  mixing  cham¬ 
ber  there  were  doors,  generally  bricked  up,  which  could  be  opened,  for  the 


Fig.  330.  Type  of  Fan  Blower  Used  at  Iola,  Kan. 

removal  of  soot.  In  the  standard  furnace  of  the  present  time  the  gas  and 
air  are  introduced  only  through  the  fronts,  and  the  mixing  chamber  has  been 
abandoned  as  unnecessary. 

The  gas  is  admitted  to  the  furnaces  at  a  pressure  of  4  to  6  oz.  In  the 
(.irl,\  practice  higher  pressures,  ranging  from  8  to  1G  oz.,  were  employed, 
but  subsequent  experience  demonstrated  the  advantage' of  lower  pressures, 
llie  diminution  in  pressure  from  that  which  is  carried  in  the  mains  of  the 
works  and  its  control  are  effected  by  means  of  Chaplin-Fulton  regulators 
such  as  are  described  in  Chapter  VI II.  A  regulator  of  appropriate  size  is 
installed  at  each  distillation  furnace,  placed  originally  in  close  proximity 
therewith,  but  the  explosion  of  one  of  them,  leading  to  the  destruction  by 
fire  of  the  distillation  furnace  and  its  house,  has  caused  the  regulators  to 
be  set  back  about  50  ft.  from  the  furnace  house,  a  small  shed 'protecting 
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each  regulator.  Each  furnace  should  have  an  ordinary  mercury  manometer 
for  determination  of  the  gas  pressure,  and  a  water  gauge  for  the  air. 

The  blowers  which  furnish  the  air  supply  are  installed  in  the  engine 
house,  whence  the  air  is  conveyed  to  the  furnaces  through  galvanized  iron 
mains  and  branches,  which  are  supported  by  light  trestles.  The  fan-blowers 
manufactured  by  the  Garden  City  Fan  Co.,  of  Chicago,  Ill.,  are  commonly 
used  in  the  Iola  district.  It  is  customary  to  make  the  installation  in  dupli¬ 
cate,  so  that  the  operation  of  the  works  will  not  be  checked  by  a  break-down. 
The  two  fans  and  their  respective  driving  engines  are  generally  used  alter¬ 
nately,  night  and  day.  The  air  pressure  at  the  furnaces  is  maintained  at 
about  2-2  to  2-8  in.  of  water,  this  as  well  as  the  gas  pressure  varying  accord¬ 
ing  to  the  requirements  of  the  furnace  at  different  periods  of  the  distillation. 

The  dimensions  and  other  data  of  the  sizes  of  fans  used  at  Iola  are  given 
in  the  following  table: 


Size 

List  Price 

Average 

Speed 

Width  ami 
Height  of 
Outlet 

Size  of 
Pulley 

Diam.  Inlet 
or  Outlet  in 
Round  Pipes 

Weight  in 
pounds 

H.  P. 
required 

90" 

$300*00 

510 

28  X  40 

20  X  7" 

41" 

2,050 

18 

100" 

39000 

407 

54  X  42 

22  X  7" 

45" 

2,350 

25 

110" 

49000 

425 

80  X  4X 

24  X  8" 

48" 

2,000 

33 

120" 

57500 

390 

42X48 

24  X  10" 

53" 

3,000 

42 

These  fans  are  speeded  to  give  a  pressure  of  2  oz.  (3*5  in.  of  water)  at 
the  outlet,  which  pressure  is  of  course  diminished  toward  the  furnaces  ac¬ 
cording  to  the  length  and  diameter  of  the  pipes,  the  number  and  character 
of  the  bends,  etc.  A  120  in.  fan  is  more  than  sufficient  for  a  plant  of  five 
blocks  of  furnaces. 

Extending  longitudinally  over  each  furnace  there  is  a  sheet  iron  air  main, 
commonly  24  in.  diameter,  from  which  branches  extend  to  each  side  of  the 
furnace  and  communicate  with  the  vertical  supply  pipes.  At  many  of  the 
works  at  Iola,  including  those  of  the  I.anvon  Zinc  Co.,  the  air  is  discharged 
into  the  combustion  chambers  through  rectangular,  hollow  cast  iron  buck- 
staves  or  stanchions,1  precisely  as  is  done  at  Marion,  Ind.,  which  system  is 
the  subject  of  a  patent  granted  to  Itobert  II.  and  William  Lanvon,  of  Iola. 
Wording  to  their  design,  wliich.is  shown  in  Fig.  331,  the  front  of  the  fur¬ 
nace  is  built  up  of  clay  pillars,  with  clay  plates  resting  horizontally  upon 
them  in  such  manner  as  to  divide  the  front  of  the  furnace  into  a  series  of 
niches,  each  of  which  accommodates  two  retorts.  The  plates  resting  on 
every  alternate  pillar  abut  closely,  while  a  space  is  left  between  the  meeting 
«  u.  S.  patent.  No.  016,475,  Dec.  27,  1898. 
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ends  on  the  intermediate  pillars.  This  results  in  the  formation  of  a  series 
of  port  holes  into  the  furnace,  after  the  front  has  been  closed  by  the  retorts 
which  are  luted  up  in  the  ordinary  manner.  Corresponding  to  each  pillar 
there  is  a  buekstaff,  the  alternate  ones  being  made  hollow,  with  rectangular 
openings  or  thimbles  on  one  side,  which  tit  into  the  ports  in  (lie  furnace. 
At  their  upper  ends  the  hollow  buckstaves  are  connected  with  the  main  air 
supply  pipe. 

Hollow  buckstaves  like  those  described  above  arc  used  in  connection  with 
nearly  all  of  the  Iola  furnaces,  but  there  are  unimportant  modifications  in 
details.  Sometimes  the  air  is  brought  down  through  a  4  in.  wrought  iron 
pipe,  which  may  stand  against  a  recessed  cast  iron  buckstave  or  between  a 


Fins.  331  and  332.  Lanyon  IIollow  Buckstave. 


pair  o  or  inary,  rectangular  cast  iron  buckstaves.  Sometimes  the  gas  pipes 
e  in  ro  uccd  into  the  furnace  at  one  side  of  the  air  pipe  and  sometimes 
ley  pass  (  irectly  through  the  air  pipe;  in  any  case  it  is  important  to  provide 
means  by  winch  a  bar  can  be  inserted  to  clear  the  gas  and  air  port  of  any 
obstructions  that  may  form  in  them.  The  fire  clay  pillars  and  shelves  are 

a  h0  1°  slight  modifications  to  correspond  with  the  various  arrange¬ 

ments  of  the  gas  and  air  pipes. 

•  f  naC<u tola  *n  1899  js  illustrated  in  the  accompanying  engrav- 
niI? 7r°m  Photographs.  One  shows  the  appearance  of  the  furnace  from  the 
look!/  r1  0t,h.er  the  aPIK‘aranco  of  one  of  the  combustion  chambers 

inserted  Tl  *7  (>n(1  to  thc  £aa  inlet  end ;  the  retorts  had  not  been 

><*  o  al  length  of  the  furnace  outside  is  79  ft.  8  in.  The  inlet 


The 


Fig  333.  Exterior  of  a  Distillation  Furnace  at  Iola,  Kan. 

photograph  .how  the  ,„rh.ce  J^.t jo^'eted  end  ready  tor  the  retorta.  ot  which 
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end  wall  is  23  in.  thick  (two  and  a  half  brick) ;  the  outlet  end  wall  is  18-5 
in.  (two  brick) ;  the  combustion  chamber  is  consequently  70  ft.  2-5  in.  long. 
There  are  31U  retorts  per  side  (live  rows  of  02  each).  There  being  two 
retorts  in  a  niche,  each  row  is  divided  into  31  niches,  besides  which  there 
are  two  niches  next  the  gas  inlet  end  in  which  there  are  no  retorts;  the  lat¬ 
ter  niches  are  ordinarily  bricked  up  and  thus  enclose  the  mixing  chamber. 
As  will  be  seen  from  the  engraving  of  the  interior  of  the  furnace  there  are 
low  bridge  walls  rising  from  the  hearth  and  wings  extending  downward 
from  the  roof  arch.  Going  from  the  chimney  end  and  counting  the  first 
half  pillar  of  the  front  wall  as  Xo.  1,  there  are  bridge  walls  on  the  hearth  at 
Xos.  0,  10,  11,  18;  22,  20  and  30,  while  there  are  wings  from  the  arch  just 
beyond  Xos.  1,  0  and  8.  These  are  intended  to  throw  the  flames  up  or  down 
to  the  retorts.  The  bridges  are  9  in.  wide,  11  in.  high  at  the  end  next  to  the 
middle  longitudinal  wall  of  the  furnace  and  0  in.  next  to  the  front  Malls. 
Distortion  of  the  furnace  is  provided  against  by  leaving  open  slots  2  in. 
wide  cutting  transversely  through  the  roof  arch  and  middle  wall.  There  is 
such  a  slot  at  pillar  Xo.  12  and  another  at  Xo.  22.  1  ntil  these  close  up 

they  are  covered  by  loose  bricks  laid  on  the  arch.  The  expansion  of  the 
front  wall  is  allowed  for  by  some  loose  joints.  It  Mill  also  be  observed  from 
the  photograph  that  the  end  Malls  are  set  in  clear  of  the  side  walls  and 
arch.  The  older  Iola  furnaces  in  which  proper  provision  against  expansion 
was  not  made  become  badly  canted  at  the  ends  after  a  short  time  under  fire. 

The  chimneys,  of  which  there  are  two,  one  for  each  side  of  the  furnace, 
are  50  ft.  high  above  the  floor  of  the  furnace.  They  are  rectangular  in 
cross  section,  31X30  in.  inside,  with  walls  9  in.  thick.  The  air  mam  over 
the  furnace  is  24  in.  in  diameter.  There  are  branches  at  every  other  buck- 
stave,  i.e.,  between  every  four  retorts  of  a  row.  These  buckstaves  are  special 
castings, "recessed  to  receive  the  air  pipe,  which  is  in  that  portion  an  ordinary 
3  in.  wrought  iron  pipe.  There  are  ports  through  the  pipe,  buckstave  and 
front  lining  of  the  furnace,  as  in  the  Lanyon  furnace,  but  instead  of  laying 
the  front  shelves  in  such  a  way  as  to  leave  openings,  the  pillars  are  molded 
with  holes,  the  five  sections  of  the  pillars  forming  a  continuous  column. 
This  construction  is  not  so  strong  as  where  the  shelves  and  pillars  are  bonded 
together,  but  it  makes  it  much  more  easy  to  replace  a  broken  shelf.  The 
pillars  which  are  thus  tapped  for  air  ports  are  necessarily  wider  than  those 
which  are  not.  A  3  in.  wrought  iron  gas  main  is  run  along  each  side  of 
the  furnace,  overhead,  and  small  pipes  lead  down  from  it  beside  the  air  pipes 
with  branches  passing  into  the  ports  in  the  front  lining;  these  branches  do 
not  go  through  the  buckstaves,  but  pass  fo  one  side  of  them.  In  the  air 
pipes  there  are  holes,  into  which  plugs  are  screwed,  corresponding  with  the 
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]»orts  into  the  furnace  so  tliat  a  bar  may  he  thrust  through  to  remove  anv 
obstruction.  The  pressure  of  the  gas  is  reduced  at  the  wells  and  again  at 
the  furnace  by  the  ordinary  form  of  natural  gas  pressure  regulator.  There 
is  a  regulator  for  each  furnace  which  is  under  the  control  of  the  brigadier 
or  fireman,  as  he  is  called  at  Iola.  ' 

lieccnt  Modifications. — Even  since  the  writing  of  the  foregoing  descrip¬ 
tions,  or  since  the  end  of  1899,  important  changes  have  been  made  in  the 
equipment  of  the  distillation  furnaces  at  Iola,  where  the  practice  has  in  the 
meanwhile  passed  beyond  the  experimental  stage  and  has  now  become  well 
crystallized.  The  gas  is  now  introduced  into  the  furnaces  at  a  considerably 
7'7  Pressare  than  ifc  was  originally,  which  has  necessitated  a  readjustment 
of  the  supply  pipes.  Most  of  the  furnaces  of  1899  have  been  entirely  re- 
jnped.  Gas  is  no  longer  admitted  through  the  end  wall,  the  whole  supply 
bt-iDg  introduced  tl, rough  the  lateral  pipes.  The  mixing  chamber  has  been 
discarded  as  unnecessary  ami  its  room  is  now  occupied  by  retorts,  the  num¬ 
ber  ol  which  is  thereby  increased  SO  per  side,  or  40  por  furnace.  The 
nasonrj  o  the  furnaces  is  built  more  substantially  and  the  iron  work  is 
better  done,  giving  a  longer  campaign. 

°  latt.t  furnaces  the  gas,  reduced  by  the  regulator  to  the  proper 

E?,  PaT  fUniaCe  th™*h  a  4  in-  -ougM  iron  pipcM 

n-iee  .,77  3  te,°  °  4  n‘  P‘Pe?  cont3 ucted  along  each  side  of  the  fur¬ 
row  of  7  7  b3_,  )raCk!tS  fr°m  the  huckstaves  above  the  line  of  the  highest 
led  downin'^  tT'  mains>  vt'rtical  branches  of  1  in.  pipe  are 

feeders  Jo/Tn  alternate  b“<*stave,  and  from  those  branches  two 

oSoTfnl  t,  7  PiPe>  ent0r  thG  furnaCC’  one  opposite  the  second  row 

thEtl  ieJ  7  °  7  °PP°Site  thG  f°Urth  ™  The  holes  in  the  pillars 
through  which  the  feeders  pass  are  2  in.  in  diameter. 

oter  tlmirn7.0n  eaCh7le  °f  th°  furnaC°  to  be  °nly  of  3  *>•  fliam' 
werc' %  in  Ks  "cre  A  in.  and  the  feeds,  of  wliich  there  were  four, 

nected  with  tlwTnn'  7  77  4  *D*  wrou"bt  iron  pipe,  which  are  con- 

* pipos-  Ead’  “  ha‘  a 
system  there  is  a  valve  in’pud,  /  °f  th<?  a,r  SUPPI3r-  Tn  the  gas  pipe 
of  the  pine  which  m  • ,  .  l  .*  Md<>  Tnain’  Place(*  conveniently  in  that  part 
branch.  ^  S  * 16  end  wal1’  an<1  also  a  valve  in  each  vertical 

a  ^fm'Xwltte  endnWn'’l,ili  with  the  furnace,  but  are  set 

the  middle  line  of  earl  '  *  ."  a  and  a  little  to  one  side  of  the  projection  of 

a  solid  fcun  ,  1  tZd'"1'°n  CTT-  1-™*.  thorn  to  —  - 
non,  instead  of  on  the  tunnel  arch.  If  the  furnaces  are 


Fig  334.  Interior  of  a  Distillation  Furnace  at  Iola,  Kan. 

VUw  i.jokinc  from  tlie  chimney  end.  This  Is  the  same  furnace  of  which  the  exterior  is 
\  lew  tooBinfe  o  shown  in  Fig.  333. 
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built  with  two  tunnels,  as  at  La  Ilarpc,  the  chimneys  are  of  course  put  be¬ 
tween  them,  but  generally  at  lola  the  furnaces  have  only  one  tunnel,  which 


Fig.  335.  Tola  Furnace. 


.“.ugh  ...  pm.™  contaiDing  ... 

Above  the  The  right  hand  alde  ls  a  8aatlon  “ldwaT  between  blllar8. 


...  •  „„,l  pool  The  ashes  from  the  retorts  arc  droppei)  into  pockets 

il'ifom  7th  “fuTi,  from  which  chutes  projixt  into  the  tunnels.  There 


l 
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is  an  ash  pocket  for  each  section  of  the  furnace,  i.e.,  20  retorts.  The  ashes 
are  drawn  from  the  pockets  into  a  car,  which  is  pulled  out  by  a  horse,  the 
floor  of  the  tunnel  being  below  the  ground  level. 

The  result  of  the  improvements  in  the  Iola  practice  have  been  to  increase 
the  length  of  furnace  campaign,  diminishing  the  expense  for  repairs  and 
renewals;  and  what  is  more  important,  they  insure  a  more  perfect  coni', 
bustion  of  the  gas  and  the  ability  to  maintain  an  equable  temperature  in  all 
parts  of  the  furnace.  Trouble  from  the  deposition  of  soot  is  a  thing  of 


Sfcr~IZjZ  Hy?  33 


--76  a1- 

Fig.  336.  Iola  Furnace. 

Front  elevation,  retorts  removed. 

the  past,  and  the  extraction  of  metal,  which  was  up  to  1900  inferior  to 

what  was  attained  by  the  coal  smelters,  has  now  become  at  least  equal  to 

their  average  work  m  the  best  practice,  if  not  somewhat  superior 

It  appears  likely  that  the  “blow  furnace  ”  +i,io  +  •  ,  ,  • 

.  i  ,  T  i  i  .  xurnace,  as  this  type  is  commonly  desig¬ 

nated  at  Iola,  with  about  600  retorts  will 

T1  .  u  1 1  Lons  win  continue  to  be  the  characteristic 

Iola  type,  and  the  smelters  of  that  district  rlMow„  ,  „  ,, 

.  ...  ,  uisirut  deserve  much  credit  for  the  man¬ 
ner  in  which  they  have  developed  it  althmi«L  a  ,  ■  ■  i 

with  them.  The  chimney  draught  fnrnn/>QO  •  ,  ,  ,  ,  ® 

“  °ut  lurnaces,  which  have  been  tried  there, 
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have  all  been  discarded  as  inferior.  An  interesting  innovation,  which  has 
lately  been  made  by  the  Lanyon  Zinc  Co.,  has  been  the  erection  of  some 
furnaces  of  the  standard  Iola  type  but  with  only  400  retorts  (2X5X40). 
By  the  end  of  1901  that  company  will  have  four  such  furnaces  in  operation. 

Ilegeler  Furnace  for  Natural  Gas. — An  entirely  different  form  of  furnace 
for  burning  gas,  artificial  or  natural,  was  patented  by  E.  C.  Ilegeler  in  1898. 
In  this  furnace,  which  has  not  yet  come  into  use,  the  air  is  admitted  at  one 
end  and  the  gas  through  pipes  inserted  in  the  front  of  the  furnace  at  proper 
intervals  toward  the  chimney  end.  This  is  a  reversal  of  the  conditions 
where  the  gas  enters  the  furnace  at  the  end,  and  the  air  through  ports  at 
intervals  in  its  faces.  At  one  end  of  the  combustion  chamber  there  is  a 


?IGS.  337  AND  338.  IlEGELER  FURNACE  FOR  NATURAL  CxAS  FIRING. 
.’Ig!  337 :  Transverse  section.  Fig.  338 :  Longitudinal  section  and  front  elevation. 


flue  through  which  the  entire  quantity  of  air  t.  be  consumed  in  the  furnace 
is  admitted  enough  gas  being  introduced  and  burned  m  tins  flue  to  raise 
the  temperature  to  the  required  height  at  the  first  group  of  retorts.  Further 
on  in  the  combustion  chamber,  at  different  points,  enough  additional  gas  is 
Kin. ill r«l  to  produce  the  required  temperature  in  all  parts.  The  admission 
of  "'a*  is  regulated  so  as  to  consume  all  the  oxygen  admitted  at  the  end  of 

tl.e^furnaee,  an  exC0SP  nf  gas  making  itself  known  by  the  appearance  of 

flames  at  the  exit  end  of  the  combustion  chamber. 

The  construction  of  this  furnace  is  shown  clearly  in  the  accompanying 
drawings.  B  the  air  flue,  the  portion  of  it  which  immediately  joins  the 
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combustion  chamber  being  made  of  brickwork,  and  the  other  portion  B' 
being  made  of  sheet  iron  and  provided  with  a  regulating  valve  b,  the  sheet 
iron  portion  being  preferably  connected  with  the  brick  portion  by  means 
of  a  series  of  small  sheet  iron  pipes  b'  entering,  through  separate  openings 
in  the  brickwork.  The  retorts  in  the  combustion  chamber  are  arranged  in 
groups  with  open  spaces  at  D  between  them.  E  is  a  large  gas  pipe,  convey¬ 
ing  the  supply  of  gas  under  suitable  pressure.  This  pipe  is  connected  with 
the  combustion  chamber  by  means  of  small  pipes  e,  which  enter  through 
holes  c'  in  the  front  walls  of  the  combustion  chamber  into  the  open  spaces 
at  D ;  e'e'  are  similar  small  pipes  (but  somewhat  larger  than  ec)  which 
enter  the  brick  portion  of  the  air  flue.  Each  of  the  small  pipes  e  and  e'  is 
provided  with  a  valve  by  which  the  quantity  of  gas  passing  through  may  he 
regulated.  The  openings  c '  through  the  wall  of  the  air  flue  and  the  front 
of  the  combustion  chamber  are  made  somewhat  larger  than  the  outside  of 
the  gas  pipe,  the  latter  being  made  tight  by  luting  with  clay.  The  gas  pipes 
are  sufficiently  flexible  to  be  pulled  out  of  the  openings  and  turned  to  one 
side  for  looking  into  the  furnace.  The  cross  sectional  area  of  the  fire  brick 
part  of  the  air  flue  should  not  be  much  less  than  the  cross  sectional  area  of 
all  the  open  spaces  between  the  retorts.  Only  the  requisite  amount  of  gas 
is  admitted  into  the  combustion  chamber  through  the  air  flue  and  the  sec¬ 
tions  DD,  etc.,  to  heat  the  group  of  retorts  immediately  in  advance,  so  that 
free  oxygen  may  be  met  by  the  gas  entering  the  chamber  at  each  section. 
In  this  manner  it  is  claimed  that  a  uniform  temperature  can  be  maintained 
throughout  the  chamber,  and  the  lowermost  retorts  are  heated  as  easily  as 
the  upper.  The  air,  which  may  be  advantageously  preheated,  is  forced 
through  the  flue  by  means  of  a  fan.1 


Miscellaneous  Furnaces — New  Proposals. 

.  'p10  Imitations  that  are  imposed  on  the  standard  tvpes  of  furnaces,  espe¬ 
cially  the  necessity  of  performing  the  distillation  in  comparatively  small 
Vess<?  s  and  condensing  the  distilled  metal  in  a  comparatively  imperfect  man¬ 
ner,  together  with  the  requirement  of  ore  low  in  iron  and  lead,  if  the  best 
resu  ts  are  to  be  obtained,  have  led  to  numerous  attempts  to  improve  the 
ppara  us,  aside  from  the  attempts  to  conduct  the  process  in  shaft  furnaces, 
v  ne  i  will  be  referred  to  in  a  subsequent  chapter.  Although  none  of  these 
niP  s  ias  xen  successful,  it  is  worth  while  to  describe  some  of  the  more 
11  in_  as  a  guide  to  future  work.  The  direction  in  which  improve¬ 
ment  appears  most  promising  is  in  the  line  of  better  condensation  of  the 

1  United  States  patent,  No.  612,104,  Oet.  11.  180S. 
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metal.  In  so  far  as  the  distillation  is  concerned  there  does  not  seem  to  be 
much  chance  that  we  can  abandon  the  small  retorts  that  we  have  been  re¬ 
stricted  to  for  a  century. 

Francisci  Furnace. — This  furnace,  designed  by  Doctor  Victor  Steger 
for  the  treatment  of  roasted  blende  and  other  fine  ore  in  Upper  Silesia  and 
patented  in  the  name  of  his  partner,  Herr  Francisci  of  Schweidnitz,  con¬ 
sists  of  a  series  of  superimposed  muffles,  formed  by  arches  of  magnesia 
brick  built  into  the  furnace  walls  and  communicating  with  a  common  con¬ 
densation  chamber.  The  arrangement  is  shown  in  the  accompanying  en¬ 
gravings.  Referring  to  the  transverse  section,  aaa  are  the  muffles.  The 
gas  coming  through  the  flue  c  burns,  with  air  from  TV,  in  the  chambers  ddd 
between  the  muffles.  The  products  of  combustion  escape  through  the  flues 
c,  f  and  g.  Referring  to  the  longitudinal  section,  the  muffles  are  charged 


Figs.  339  and  340.  Francisci  Furnace. 

Fig.  339:  Transverse  vertical  section.  Fig.  340:  Longitudinal  vertical  section. 


from  the  right  hand  ends,  which  are  closed  during  the  distillation.  The 
residues  are  discharged  from  the  same  ends,  being  dropped  through  the 
chutes  ppp  The  zinc  vapor  passes  into  the  common  condensation  chamber 
h  to  the  sloping  bottom  of  which  it  is  deflected  by  the  wall  V.  The  con¬ 
densed  zinc  collected  on  the  bottom  is  tapped  at  t.  The  uncondensed  vapor, 
chiefly  carbon  monoxide,  escapes  to  0,  where  it  may  be  collected  for  use  as 

fuel  ^ 

Steger  claims  that  magnesia  is  a  highly  desirable  material  for  muffles, 
inasmuch  as  it  is  2-5  to  3  times  a  better  conductor  of  heat  than  clay,  is  im¬ 
penetrable  to  zinc  vapor,  is  capable  of  withstanding  the  highest  temperature, 

t  _t  70,285  ;  Rplgian  patent,  808  :  Steger.  “Verdicbtung  der  Metalldiimpfe 
-Vt/ifl^KnellKli  patent,  23,970;  Austrian  in  /.inkhiitten."  Saramlung  chemlscher  und 
* 't  t  44-3250  ■  United  States  patent,  526,-  chemlsch-teetaniscber  Vortriige,  I,  11,  67. 
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and  is  not  corroded  by  the  gangue  of  the  ore.  The  advantages  that  would 
he  derived  from  the  use  of  such  large  muffles  are  obvious.  Even  more 
obvious  is  the  advantage  of  a  common  condensation  chamber,  in  which  the 
metallic  vapor  can  be  drawn  over  a  bath  of  molten  metal,  promoting  the 
condensation  of  the  metallic  particles  in  the  vapor  by  adhesion  and  cohe¬ 
sion,  while  the  temperature  of  the  condensing  chamber  can  be  carefully 
controlled  by  means  of  air  cooling  flues  in  its  walls.  Experiments  have 
been  made  with  the  Francisci  furnace  in  Upper  Silesia,  but  so  far  nothing  is 
known  by  me  as  to  the  result  except  that  the  magnesia  brick  used  at  first 
were  said  to  be  very  susceptible  to  change  of  temperature. 

Lynen  Furnace. — Leo  Lynen  has  patented  a  furnace  with  a  common 
condensation  chamber,  which  is  illustrated  in  the  accompanying  engravings. 
The  latter  show  a  massive  of  llhenish  furnaces  with  two  condensing  cham¬ 
bers.  deferring  to  the  engravings,  it  will  be  seen  that  there  are  shown 
four  distillation  chambers,  each  containing  30  retorts.  Each  pair  of  com¬ 
bustion  chambers  is  separated  by  a  narrow  chamber,  parallel  with  and  of 
the  same  length  as  the  combustion  chambers  which  it  separates.  The  re¬ 
torts  are  open  at  both  ends.  The  outer  ends  rest  on  shelves  in  the  ordinary 
manner.  The  inner  ends  also  rest  on  shelves,  but  they  are  set  so  as  to  over¬ 
lap  or  telescope  with  short  tubes  fixed  in  the  inner  wall,  there  being  one  of 
these  tubes  for  each  retort.  When  the  retort  is  in  position  the  joint  be¬ 
tween  it  and  the  tube  is  luted  tightly  with  clay  from  the  inside  of  the 
retort.  1  he  outer  end  of  the  retort  is  closed  by  a  tightly  luted  clay  plate, 
which  is  removed  during  charging  and  discharging.  The  retort  has  thus  a 
constant  communication  with  the  condensing  chamber  between  the  distilla¬ 
tion  chambers.  The  bottom  of  the  condensing  chamber  is  made  of  trough 
shape  with  a  slope  toward  the  end  of  the  furnace.  There  is  a  tap  hole  in 
the  wall  through  which  the  metal  can  be  drawn  off.  Tbe  carbon  monoxide 
gas  is  led  off  through  a  flue  above  the  bath  of  metal,  and  of  course  can  be 
conducted  through  any  kind  of  an  auxiliar}'  condensation  system  that  is 
desirable.  Inside  of  the  condensation  chambers  there  are  pipes  through 
which  air  may  be  circulated,  thus  giving  control  over  the  temperature  in 
the  condenser. 

It  is  claimed  by  tbe  inventor  that  the  possibility  of  maintaining  the  tem¬ 
perature  at  the  exact  point  that  is  required,  the  condensation  of  the  metallic 
vapor  in  the  presence  of  a  large  bath  of  molten  metal  and  the  exhaustion 
of  the  uncondensed  gas  through  a  few  mains  will  be  highly  advantageous, 
and  there  can  be  no  doubt  that  he  is  correct  in  that  assumption.  If  the 
system  will  work  as  contemplated  it  ought  to  be  possible  to  effect  a  com¬ 
plete  condensation  of  the  zinc  that  is  volatilized,  save  what  is  absorbed  by 
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and  filters  through  the  retorts  and  escapes  through  cracks  in  the  latter. 
Doubtless  he  is  correct  also  in  the  claim  that  with  lead  bearing  ore  a  metal 
in  which  there  will  be  concentrated  a  large  part  of  the  lead  that  has  been 
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Fig.  341.  Lynen  Furnace. 

,,  Mi,u.  is  a  section  on  the  line  l’Q  of  Fig.  342; 

Transverse  vertical  sections.  The  left  hand  siue  is  a  e 

the  right  hand  side  is  a  section  on  the  line  IKLMNO. 


volatilized  and  condensed  can  be  drawn  off  from  the  bottom  of  the  bath  and 
a  spelter  low  in  lead  from  the  top,  the  condenser  playing  the  part  of  a 
refining  furnace;  moreover  the  possibility  of  handling  the  metal  without 
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much  use  of  iron  tools  would  tend  to  give  a  product  low  in  iron.  The  in¬ 
ventor  claims  further  advantages  in  the  possibility  of  exhausting  the  last 
of  the  vapor  from  the  retorts  and  in  reducing  the  time  of  distillation  by 
shortening  the  maneuver,  but  these  advantages  are  not  so  clear.  As  to 
shortening  the  maneuver  so  that  the  distillation  may  be  conducted  in  less 
than  24  hours  it  is  doubtful.  It  is  true  that  labor  would  be  saved,  there 
being  no  condensers  to  be  removed,  cleaned  and  replaced;  the  cost  of  the 
condensers  would  also  be  saved ;  but  the  handling  of  the  condensers  goes 
on  usually  simultaneously  with  the  discharging  and  charging  of  the  retorts, 
or  nearly  so,  and  it  does  not  seem  as  if  much  time  would  be  saved  so  long 
as  the  retorts  must  still  be  charged  by  hand. 


Longitudinal  sections 


Fig.  342.  Lynen  Furnace. 


<»n  lines  LF  nnd  Oil  of  Fig.  341.  The  left  hand  side  Is  a  section  on 
the  line  EP,  and  the  right  hand  side  on  GIL 


The  chief  difficulty  that  can  be  foreseen  with  the  Lvnen  furnace  as  at 
present  designed  is  the  making  of  a  tight  joint  between  each  retort  and  the 
inner  wall,  and  the  danger  of  leakage  thereat.  This  has  been  recognized 

f  i  r*  j  r!!US<  ^  an^  rocently  has  made  some  improvement  intended 
o  obviate  it.  Since  then,  experiments  with  the  furnace  have  been  made  at 
a  Rhenish  works  but  their  results  have  not  been  communicated.  The  idea 

"aS  mCr“  “d  “V  *»  developed  into 

of  ®};St1°m10f  condensation  is  obviously  not  restricted  to  the  type 

nace  which  lie  has  shown,  though  in  occupying  the  place  of  the  solid 
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middle  wall,  or  the  place  where  it  would  otherwise  be,  the  ordinary  design 
of  Belgian  and  Rhenish  furnaces  must  necessarily  be  modified.  In  the 
accompanying  engravings  the  furnace  shown  is  of  the  counter  current  re¬ 
cuperative  type,  but  the  air  and  gas  flues  are  set  at  right  angles  to  the 
Ion"  axis  of  the  furnace  instead  of  parallel  with  it  as  shown  in  Fig.  282. 
The  gas  comes  in  through  four  canals  in  the  long  sides  of  the  furnace,  one 


Fig. 


343.  Schneider  Furnace. 

Transverse  vertical  section. 


hearths  it  mixes  1  in  onc  0f  the  longitudinal  sections,  escaping 

“hXs  as  shown  and  enveloping  the  air  preheating  flues  on  their 
“7to  the  chimney.  The  air  entera  through  longitudinal  flues  in  the  mid- 
ie  of  the  furnace,  these  flues  being  under  the  condensing  chambers  and 
enters  the  recuperative  flues  through  the  ports  on  each  side.  which  are 
equipped  with  dampers  for  regulating  the  supply.  From  the  recuperative 
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Fir.  344.  Schneider  Furnace. 
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fines  it  fwsses  through  canals  leading  to  the  stream  of  gas.  Lynen's  patent 
covers  the  system  of  condensation  and  not  any  particular  type  of  furnace.1 

Schneider  Furnace. — Richard  Schneider,  of  Dresden.  Germany,  pat¬ 
ented  a  distillation  furnace  for  the  reduction  of  zinc  ores  containing  lead. 


and  the  recovery  of  the  latter  metal  as  well  as  the  zme.  Tins  furnace  con¬ 
sists  essentially  of  a  single  combustion  chamber  in  which  are  placed  three 
rows  of  retorts,  the  latter  being  clay  cylinders  open  at  eaeh  end,  placed  in 


Figs.  340.  to  348.  Schneider  Furnace. 

T.!  a;  6:  Conne  ti»«  f  th^rincVondon^r.  f  the  led  coL 

tz:  wLK  — «*  »nd  ~n~tor  ^t,Te,y- 

the  furnace  at  a  suitable  inclination.  A  condenser  is  connected  with  the 
,lMu  r  .  nd  in  the  ordinary  manner.  A  similar  condenser  is  connected  with 
t  W  lower  end.  but  opens  into  the  lower  half  of  the  retort  instead  of  into  the 
r  ag  in  the  case  of  the  ordinary  condenser.  The  idea  is  that  the 
t  ,i.  will  lx*  volatilized  and  condensed  in  the  usual  manner,  while  the  had 
reduced  trickle  down  the  incline  and  collect  in  the  condenser  at  the 

i  British  patent.  No.  *6.180.  Aof.2S,  180S. 
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lower  end.1  There  is  no  novelty  in  this  idea.  George  M.  Holstein,  of 
Pulaski,  Va.,  has  designed  a  special  retort  for  the  same  purpose.  This  re¬ 
tort  is  placed  in  the  furnace  in  the  ordinary  manner.  The  clay  plate  which 
closes  the  end  under  the  condenser  is  provided  with  a  tap-hole,  through 
which  any  lead  accumulated  in  the  retort  can  be  drawn  out.-  The  drawings 
of  Schneider’s  furnace  are  interesting  as  showing  a  project  for  heating  the 
retorts  by  a  longitudinal  movement  of  the  gases,  alternately  in  opposite 
directions  as  in  the  Ferraris  furnace,  hut  with  a  pair  of  regenerators  at  each 


10  5  0  1  2 

MJi-il  mil _ I _ | 

Fig.  349.  Tiium  Furnace. 

end  as  in  open  hearth  steel  furnaces,  though  in  this  case  the  current  is 
deflected  over  a  vertical  wall,  while  an  open  space  is  left  under  the  ranks  of 
retorts  on  each  side,  both  of  which  arrangements  would  be  unnecessary  if  a 
little  free  space  were  left  at  each  end  of  the  combustion  chamber,  as  has 
been  proved  by  the  experience  with  the  Ferraris  furnace. 

Thum  Furnace. — F.  A.  Thum  designed  a  gas  fired  furnace  especially 
for  the  treatment  of  zinc  ore  which  is  high  in  lead.  There  was  a  single 
combustion  chamber,  as  shown  in  Fig.  349,  with  five  rows  of  retorts  set 
with  a  comparatively  great  inclination.  The  retorts  were  simplv  tubes  open 
at  each  end.  The  higher  ends  were  fitted  with  condensers  in  which  the 
zinc  was  collected  in  the  usual  manner.  The  lower  ends  were  closed  by 
clay  plates  tightly  luted  in.  The  plates  were  provided  with  tap  holes 

1  United  States  patent.  No.  605,802.  June  14,  1808. 

5  United  States  patent.  No.  554,185,  Feb.  14,  1896. 
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through  which  the  reduced  lead  accumulating  at  the  lower  end  could  be 
drawn  off.  The  gas  and  air  for  heating  the  retorts  were  introduced  through 
the  canals  in  the  base  of  the  furnace,  issuing  through  the  ports  a  and  b.  The 
products  of  combustion  escaped  through  the  flue  in  the  roof  into  the  canals 
ee,  while  the  air  fgr  combustion,  before  reaching  the  main  canal  in  the 

bottom  of  the  furnace,  is  preheated  in  the  flues  cc.1 

So  far  as  I  can  discover,  there  is  no  record  in  metallurgical  literature 

that  Tlium’s  furnace  was  ever  tried  practically,  i.e.,  not  as  designed  for  the 
simultaneous  recovery  of  zinc  and  lead.  The  form  of  furnace  shown  m  the 
accompanying  engraving  had  been  employed  previously,  however,  by  Ihuni 
aiTsunderlund,  Great  Britain,  for  the  heating  of  Belgian  retorts  arranged 
in  the  ordinary  manner,  with  entirely  satisfactory  results.  1  mm  g 
that  his  proposed  retorts,  open  at  both  ends  besides  enabling ora  h ug 
lead  to  be  smelted  profitably,  would  have  the  further  advantag ■  that  ftc 
condensers  would  not  need  to  bo  removed  after  the  distillation  of  each 

charge,  and  would  therefore  last  longer  and  indent !*»£**££ 
small  loss  of  zinc  which  is  suffered  by  absorption  in  the  clay  of  the  con 

densers. 


Charging  Cars,  Furnace  Shields  and  Tapping  Ladles. 

The  introduction  of  long  distillation  furnaces, 

are  always  provided  with  a *  su.  F  >  ^  ^  men  daring  the  maneuver, 

pulled  down  m  front  of  the  1  0  of  handling  the  pots  of  molten 

and  generally  h««a #  fa  to  lay  two  parallel 

metal.  W  it  t-  eac.p  furnace  and  operate  thereon  moi,  able 

lines  of  tramways  m  ,{  Such  apparatus  comprises  charging 

“ ladles’ indcpendcnt  or  com~ 

l)5ned  with  movable  8^lds*  of  ore  and  coai  mixed  mechanically  in  a 

Charging  cars  for  transport  to  the  furnace.  These 

separate  departm ■  t  ;  ^  ^  ^  ^  at  the  bottom,  through  which  the 

cars  aro  arrang  £  mcang  of  a  charging  scoop  and  thrown  directly 

mixture  can  •  is  only  five  retorts  high  all  of  them  can 

be  °fiW  hr»  man  Ending  on  the  floor.  At  Tola  cars  of  a  size  that  will 

*  Rerg.-u.  Ilflttenm.  Ztgi,  1875,  p.  1. 
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hold  one  fourth  or  one  sixth  of  the  charge  of  a  GOO  retort  furnace,  or  approx¬ 
imately  G000  or  4000  lb.  of  ore  respectively,  plus  the  proper  proportion  of 
reduction  material,  are  employed.  The  total  number  of  cars  which  must 
be  provided  is  therefore  four  or  six  times  the  number  of  furnaces,  the  charge 
for  each  day  being  mixed  and  put  in  the  cars  on  the  previous  day,  so  as  to 
be  ready  when  wanted. 

Metal  Drawing  Cars. — At  Lasalle,  Ill.,  and  Laharpe,  Kan.,  the  metal 
is  drawn  from  the  condensers  into  a  large  pot  hanging  from  a  crane  which 
is  fixed  upon  a  four-wheel  truck.  The  pot  is  raised  and  lowered  by  a  winch. 
When  full  of  metal  it  is  swung  out  from  the  furnace  and  its  contents  poured 
into  molds  standing  upon  a  truck  on  a  parallel  track.  The  metal-drawing 
car  is  commonly  provided  witli  a  shield,  which  protects  the  operator  from 
the  heat  radiated  from  the  furnace. 

Cleaning  Cars. — At  Lasalle,  Ill.,  the  residuum  is  raked  out  of  the  re¬ 
torts  with  the  aid  of  a  car,  on  the  platform  of  which  the  operators  stand, 
On  the  side  next  the  furnace  there  is  a  shield  of  sheet  iron  slats,  like  a 
window  blind,  to  protect  the  men.  A  vertical  opening  in  the  shield  is  pro¬ 
vided  with  grooved  rollers,  corresponding  in  position  to  the  four,  five  or  six 
rows  of  retorts,  as  the  case  may  be,  which  support  the  heavy  iron  rabbles 
employed  in  the  operation. 

Movable  Shields. — The  distillation  furnaces  at  Iola,  Kan.,  are  gener¬ 
ally  provided  with  movable  shields,  one  per  side,  which  serve  both  for  the 
functions  of  metal  drawing  and  cleaning  the  retorts  (the  latter  operation 
being  commonly  performed  at  Iola  by  blowing  out  the  ashes  with  steam). 

Chapman  Shield — This  shield,  which  has  been  patented  by  Charles  S. 
Chapman  of  the  Fittsburg  Foundry  and  Machine  Co.,  of  Pittsburg,  Kan., 
consists  essentially  of  a  pair  of  vertical  plates  of  sheet  iron  or  steel,  ar¬ 
ranged  with  a  ladle  between  them,  which  can  be  moved  longitudinally  along 
the  front  of  the  furnace.  Each  front  of  the  furnace  is  fitted  with  a  longi¬ 
tudinal  track  supported  by  brackets,  which  are  bolted  to  certain  of  the  buck- 
staves,  above  the  uppermost  row  of  retorts.  On  this  track  run  two  grooved 
wheels  with  hangers  which  carry  the  shield.  The  axle  of  one  of  these 
wheels  is  fitted  with  a  sprocket  to  receive  a  chain  for  moving  the  apparatus. 
I  he  shield  consists  of  two  plates  30  in.  apart  and  stiffened  by  angle  iron ; 
each  plate  is  provided  with  a  wing  hinged  to  it,  forming  extensions  of  the 
shield.  The  hangers  are  bolted  to  a  horizontal  bar  E  and  the  lower  ends 
of  the  plates  T)T)  are  held  in  proper  position  by  means  of  a  bar  F,  which  is 
curved  inward  toward  the  furnace  in  order  that  it  may  not  interfere  with 
the  ladle.  Bolted  to  the  buckstaves  near  the  bottom  of  the  furnace  and 
extending  the  whole  length  of  the  latter  is  a  guide  rail,  having  a  vertical 
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outer  face,  and  the  plates  DD  of  the  shield  are  fitted  with  brackets  carrying 
rollers,  which  bear  against  the  guide  rail  and  steady  the  lower  ends  of  the 
plates  when  the  shield  is  moved  longitudinally  along  the  furnace.  The 
weight  of  the  shield  tends  to  throw  its  lower  part  inward  toward  the  fur¬ 
nace,  wherefore  the  rollers  are  always  in  contact  with  the  guide  rail.  One 
of  the  plates  of  the  shield  is  fitted  with  a  horizontal  shaft  I,  carrying  a 
hand-wheel  and  a  sprocket ;  the  latter  being  connected  by  a  chain  with  the 
sprocket  of  the  corresponding  grooved  wheel  running  upon  the  upper  rail, 


Front  elevation. 


the  shield  can  be  moved  by  means  of  the  hand-wheel  in  either  direction 

al0Bftw«m  main  plates  of  the  shield  there  is  arranged  a  ladle,  pro¬ 

vided  with  0  spout  on  its  inner  and  outer  sides  and  trunnions  which  rest  in 
H,e  lower  cuds  of  the  two  vertical  anus.  The  upper  ends  of  thtse  arms  are 
ted  bv  a  bail,  from  the  hook  of  which  the  ladle  is  suspended  by  a 
C®nnC  '  Thi;  chajn  passes  over  a  sheave  on  the  horizontal  bar  E,  and  thence 
C  er 'another  sheave  on  the  same  bar  down  to  a  windlass  which  is  fixed  in 
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the  framework  of  one  of  the  plates  of  the  shield.  By  means  of  this  wind¬ 
lass  the  ladle  can  be  raised  and  lowered.  In  order  to  guide  the  ladle  in  its 
vertical  movements  there  are  rollers  placed  on  the  ends  of  a  bent  lever  M, 
which  rollers  engage  in  vertical  grooves  on  the  inner  edge  of  each  plate  D. 
The  lever  M  is  pivoted  on  the  hangers  by  which  the  ladle  is  suspended, 
forming  a  toggle  joint.  By  pulling  down  the  lever  the  ladle  is  thrust  out¬ 
ward,  so  that  it  will  avoid  the  ends  of  the  condensers,  when  it  is  raised  and 
lowered.  One  of  the  trunnions  of  the  kettle  is  provided  with  a  worm-wheel 
and  the  adjacent  hanger  has  a  worm-shaft  with  a  hand-wheel  at  its  outer 


end.  By  means  of  this  device  the  ladle  can  be  tilted  to  pour  its  contents 
into  a  mold  or  other  receptacle.  The  ladle  can  be  disconnected  from  the 
suspending  chain  and  removed  so  that  the  shield  can  be  used  without  it  for 
such  work  as  taking  down  trie  condensers  and  cleaning  out  the  retorts, 
when  the  ladle  is  not  needed  and  would  be  in  the  way. 

Furnace  shields  of  this  type  are  used  in  connection  with  the  natural  gas 
fired  distillation  furnaces  which  are  employed  in  the  Iola  district  and  at 
Cherry  vale,  Kan.  On  account  of  the  great  heat  to  which  they  are  sub¬ 
jected.  roller  beaiings  are  employed  largely  in  their  construction.  The 
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ladle  holds  about  400  lb.  of  metal.  The  shields  cost  $125  apiece,  not  in¬ 
cluding  the  tracks,  f.  o.  b.  Pittsburg,  Ivan.,  and  weigh  approximately  1500 
lb.  per  shield. 

Lanyon  Shield . — This  consists  of  an  iron  curtain,  stiffened  by  ribs  of  angle 
iron  or  in  any  suitable  manner,  hanging  from  trolley  wheels  running  on  a 
rail,  parallel  and  on  a  level  with  the  spring  of  the  arch  of  the  furnace,  and 
just  beyond  the  vertical  plane  of  the  outer  ends  of  the  condensers.  The 
bottom  of  the  shield  is  also  provided  with  wheels  running  on  a  rail,  to  pre¬ 
vent  swinging.  In  the  shield  there  are  small  oval  holes,  coinciding  with  the 
retorts,  through  which  the  steam  pipe  used  in  Kansas  zinc  works  for  the 
discharge  of  residues  from  the  retorts  may  be  introduced.  Between  two 
sections  of  the  shield  there  is  a  vertical  opening,  properly  stiffened  by  angle 
iron,  with  transverse  lazy  bars,  through  which  rakes,  for  the  discharge  of 
the  residues,  or  other  working  tools,  may  be  inserted.  A  kettle  which  can 
be  raised  and  lowered  and  can  be  swung  out  from  the  furnace  for  pouring 
into  molds  is  also  fitted  in  the  opening  to  facilitate  tapping  zinc  from  the 
condensers.  The  shield  is  moved  along  in  front  of  the  furnace,  correspond¬ 
ing  with  the  retorts  which  are  being  attended  to.1 

1  William  and  Joslah  Lanyon,  United  States  patent,  No.  621,577,  March  21,  1899. 
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PRACTICE  IN  DISTILLATION. 

The  practice  in  distillation  is  essentially  the  same,  whether  the  furnaces 
bo  of  the  Belgian,  Rhenish,  or  Silesian  type,  though  there  are  numerous 
variations  in  the  details ;  with  the  tendency  toward  a  common  tvpe  of  fur¬ 
nace,  which  has  previously  been  referred  to,  these  variations  tend  also  to 
disappear.  I  or  distillation  in  the  large  muffles  of  the  Silesian  furnace,  the 
calamine  ore  is  not  ground  so  fine  as  for  the  small  retorts  of  the  Belgian 
furnace,  but  blende  is  necessarily  ground  fine  as  a  preliminary  to  roasting 
and  it  does  not  work  so  well  in  the  large  Silesian  muffles  as  in  the  smaller 
Rhenish,  hence  the  tendency  toward  the  adoption  of  the  latter  in  Silesia. 
AI  ith  the  Silesian  furnace,  the  condensers  are  not  removed  during  the 
maneuver;  they  are  now  generally  arranged  to  discharge  their  escaping 
fumes  into  a  common  collecting  flue  (Dagner  and  Kleeman  condensers). 

I  lie  Rhenish  furnaces  also  are  commonly  discharged  and  recharged  without 
removing  the  condensers,  but  in  connection  with  muffles  (retorts)  of  the 
same  size  used  in  the  United  States  the  condensers  have  been  taken  down, 
ilie  condensers  of  the  Belgian  furnace  are  necessarily  removed  during  the 
maneuver.  F ormerly  the  Belgian  furnaces  were  charged  twice  per  24  hours 
and  m  T  pper  Silesia  the  charge  remained  originally  in  the  retorts  for  4S 
hours,  an  additional  charge  being  introduced  at  the  end  of  24  hours  when  the 
distillation  was  partially  completed.  In  Belgium  the  first  modification  of 
method  was  to  charge  the  upper  rows  of  retorts  only  once  and  the  lower  ones 

twice  per  24  hours.  At  present  it  is  the  common  practice  everywhere  to  distil 
only  one  charge  per  24  hours. 

Putting  a  1  rnxACE  in  Operation' . — 4 'he  newly  constructed  or  freshly 
relined  furnace  is  best  left  for  a  few  days,  the  longer  the  better,  to  dry 
naturally.  This  is  not  essential,  but  it  is  safer  than  drying  artificially, 
though  the  latter  may  be  done  well  enough  if  it  be  not  hurried.  In  either 
case  as  soon  as  the  furnace  is  ready  for  regular  firing,  the  full  quota  of 
retorts  is  put  in  place  and  the  spaces  between  them  in  the  niches  are  closed 
in  and  luted  up  with  clay.  The  retorts  do  not  need  to  be  annealed  or 
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burned;  that  will  be  done  gradually,  as  required,  in  the  furnace.  The 
retorts  being  in  place  the  heating  is  begun,  very  gently  at  first  and  gradu¬ 
ally  increasing  in  intensity  until  the  proper  temperature  for  charging  the 
retorts  is  attained. 

The  method  of  heating  the  furnace  initially  depends  upon  the  kind  of 
furnace,  i.e.,  whether  it  be  direct  fired ;  semi-gas  fired ;  or  straight  gas  fired. 
If  it  be  direct  fired,  or  semi-gas  fired,  the  operation  is  too  simple  to  require 
an  extended  explanation,  it  being  merely  a  matter  of  gradually  increasing 
the  volume  of  fuel  on  the  grate  and  the  intensity  of  the  combustion. 
With  straight  gas  firing  the  operation  is  more  tedious,  since  the  combustion 
chamber  must  be  heated  independently  before  the  gas  is  admitted.  This 
has  to  be  done  by  leaving  out  some  of  the  retorts  and  erecting  a  temporary 
fireplace  in  their  room,  in  which  a  wood  or  a  coal  fire  is  maintained  until 
the  interior  of  the  combustion  chamber  is  at  least  at  dark  red.  Gas  is  then 
gradually  admitted  under  constant  observation  of  the  flame,  the  proc  ucer 
having  been  put  in  operation  in  the  meanwhile,  but  the  preliminary  fire  is 
maintained  until  a  strong  regular  draught  through  the  combustion  chamber 
is  set  up.  When  that  condition  has  been  established  the  temporary  grate  is 
removed,  hot  retorts  from  the  tempering  furnace  are  put  ^  the  vacant 
niches,  and  to  replace  those  which  may  have  cocked  during  the  gradual 
heating,  and  the  furnace  is  then  ready  for  charging. 

Mixture  of  Ores.-TIic  mixture  of  ores  for  zinc  smelting  lsfar 
being  reduced  to  the  scientific  basis  that  obtains  in  lead  and  copper  smelt. 
in<r  a'nd  it  is  doubtful  if  it  can  be.  The  rules  that  we  have  are  rather  nega¬ 
tive  than  positive.  The  object  is  to  avoid  the  formation  of  fwbk >  slags  and 
the  presence  of  compounds  that  will  prevent  driving  off  the  zinc  or  that 
will  excessively  contaminate  the  spelter.  With  respect  to  the  first  point, 
it  may  be  assumed  that  there  will  be  present  generaU y«  ««  ^ 

Which  is  derived  not  only  ^  toi 

hence  we  must  a»i  Umc  and  sulphux;  manganese  plays  the 

much  iron  in  tl  P  _  wQrge  With  respect  to  the  second  point,  we 

part  of  iron,  nl  >  containing  magnesium  sulphate,  which  is 

should  for  f  amP  !’^;roef  dMomitic  ores,  since  in  the  retort  this  com- 
easily  formed  in  to  zinc.  Calcium  sulphide  does  not 

pound  gives  up >  @o  and  calcium  oxide  may  be  positively  advantageous  in 
appear  to  be  3  ^  ^  if  its  advantage  in  that  respect  be  not  offset  by 

decomposing  ^  mu<jh  iron  witli  which  it  will  form  a  corrosive  slag, 
the  pro*11  entagc  of  lead  in  the  ore  is  undesirable  because  it  tfill 

T0°  •;(dv  contaminate  the  spelter,  even  if  it  does  not  contribute  to  the 
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destruction  of  the  retorts;  or  else  the  lead  will  have  to  be  prevented  from 
distilling  over  by  more  moderate  driving  of  the  furnace,  at  sacrifice  of  some 
of  the  available  zinc. 

Admitting  the  above  conditions  to  be  correct,  we  are  still  unable  to  reduce 
them  to  numerical  factors,  perhaps  because  they  have  not  yet  been  suffi¬ 
ciently  the  subject  of  experimental  and  analytical  investigation  and  perhaps 
because  they  are  so  complicated  as  to  be  incapable  of  a  reduction  to  em¬ 
pirical  rules. 

Desirability  of  Uniformity  in  the  Charge . — In  practice  the  mixture  of 
ores  is  based  chiefly  on  the  results  of  experience.  In  Europe,  where  the 
smelters  receive  ores  of  very  diverse  character,  it  is  sought  to  incorporate  a 
variety  of  different  products  of  which  the  injurious  constituents  of  each  will 
neutralize  themselves.  A  mixture  having  been  made  which  gives  satisfac¬ 
tory  results  with  the  retorts  that  are  available,  it  is  aimed  to  conform  sub¬ 
sequently  to  that  mixture  so  far  as  possible,  in  order  to  maintain  the  uni¬ 
formity  of  the  distillation  process  that  the  furnacemen  are  familiar  with. 
If  in  exceptional  cases  there  are  ores  with  a  particularly  bad  gangue,  which 
have  to  be  smelted,  they  are  used  in  the  mixture  only  in  very  small  propor¬ 
tion,  according  to  the  indications  of  experience. 

In  the  United  States  the  conditions  are  radically  different,  the  smelters 
being  of  two  classes:  (a)  Those  who  mine  and  smelt  their  own  ore;  and  (b) 
those  who  buy  ore  in  the  open  market.  The  former  have  ore  of  uniform 
character  to  which  they  are  able  to  adapt  their  smelting  process.  The  latter 
buy  ore  from  one  or  two  districts,  for  the  more  part  from  one  district,  and 
are  able  to  obtain  products  which  are  not  only  of  rather  even  character,  but 
also  are  remarkably  free  from  deleterious  impurities.  The  Kansas  and 
Missouri  smelters  command  a  supply  of  blende  averaging  nearly  60% 
Zn,  1  to  1*5%  Fe,  and  0*5  to  1%  Pb. ;  and  of  hemimorphite  assaying  40  to 
45%  Zn,  0-5  to  1%  Fe,  and  only  a  trace  of  lead.  The  smelters  of  Indiana 
and  Illinois  command  the  same  ore,  and  also  a  small  supply  of  blende  and 
smithsonitc  from  Iowa  and  Wisconsin,  whence  the  blende  contains  some¬ 
what  more  iron  than  the  Joplin  ore.  The  Joplin  district  affords  a  good  deal 
of  comparatively  inferior  blende,  which  the  smelters  are  able  to  buy  on 
advantageous  terms,  but  there  is  no  great  difficulty  in  securing  a  mixture 
that  will  assay  only  2  to  2-5%  Fe,  and  save  for  the  small  percentage  of  lead 
the  gangue  is  chiefly  quartz.1 

1  Since  tills  paragraph  was  written,  the  smelters  have  been  using  more  or  less  exten* 
condltlons  have  changed  materially  through  slvely  In  admixture  with  the  Joplin  ore. 
the  Appearance  In  the  market  of  large  sup-  The  ore  from  the  Far  West  Is  of  various 
plies  of  ore  from  the  Rocky  Mountain  States  classes,  but  generally  Is  lower  In  zinc  and 
and  British  Columbia,  which  some  of  the  higher  In  lead  and  Iron  than  the  Joplin  ore. 
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Mixture  of  Zinc  Silicate  and  Roasted  Blende. — The  Western  smelters 
frequently  make  a  mixture  of  roasted  blende  and  raw  silicate  on  the  theory 
that  a  better  yield  of  zinc  is  obtained  from  the  two  together  than  from  either 
alone.  It  is  probably  true  that  the  mixture  will  give  a  higher  yield  than 
would  be  obtainable  from  the  silicate  alone,  inasmuch  as  the  charge  is 
richer  in  zinc,  but  that  the  admixture  of  silicate  improves  the  yield  from  the 
blende  cannot  Ik*  regarded  as  proved.1  There  are  works  which  use  roasted 
blende  alone  and  recover  as  high  a  percentage  of  metal  as  any  works  which 
smelt  a  mixture,  or  higher.  Such  works  as  smelt  raw  silicate  alone  fail  to 
make  a  high  recovery  of  metal,  a  result  that  would  be  naturally  expected. 
At  certain  works,  which  made  a  practice  of  smelting  a  mixture,  a  charge  of 
70%  roasted  blende  and  30%  raw  silicate  is  frequently  employed;  the 
proportions  are  sometimes  90%  and  10%,  80%  and  20%  and  rarely  50% 
and  50%. 

Following  is  an  example  of  a  charge  smelted  in  Kansas:  The  mixture 
consisted  of  70%  roasted  blende  and  30%  raw  calamine  and  averaged  58% 
Zn,  1-25%  Fe  and  1*04%  S.  In  distilling  it,  together  with  the  blue  pow¬ 
der,  ski  minings,  etc.,  of  a  previous  day  (amounting  to  about  40%  of  the 
weight  of  the  new  ore)  there  was  used  4550  lb.  of  reduction  material  per 
10,000  lb.  of  ore.  The  reduction  material  assayed  8-41%  water,  21-64% 
volatile  matter,  56-45%  fixed  carbon  and  13-5%  ash.  'Hie  residues  drawn 
from  the  retorts  amounted  in  weight  to  48%  of  the  weight  of  the  ore  and 
assaved  7-12%  Zn. 

The  proportion  of  silicate  ore  now  used  by  the  Kansas  smelters  is  less 
than  formerly  and  the  number  of  smelters  who  do  not  employ  it  at  all  is 
greater.  This  is  due  partly  to  the  relatively  greater  increase  in  the  supply 
of  blende 2  and  partly  to  commercial  conditions. 

Grade  and  Character  of  Ore  Smelted  in  Belgium.- The  average  grade  of 
the  ore  distilled  by  eleven  Belgian  works  in  1898,  reported  directly  by  the 
various  smelters,  was  given  by  Ad.  Firket  in  Annates  des  Mines  de  Belgtgu e 
YI,  i,  34,  as  follows,  the  figures  of  one  company  operating  three  works 


■  According  to  Kerl,  Orundrlna  der  Metam 
himcnkonde.  p.  448.  the  .u.e  of  18%  to-0% 
Of  calamine  in  admixture  with  the  roasted 
blende  facilitate*  the  distillation. 

^  \n  Idea  of  the  relative  proportion  of 
blende  and  calamine  available  to  Kansas 
Mm«dtem  may  be  obtained  from  the  following 
statistics :  In  1901  the  Kansan  portion  of 
the  Joplin  district  produced  33.978  tons  of 
ore  (Mineral  Resources  of  Kansas,  1900  and 
H»Ml  ).  The  state  of  Missouri  produced  207,- 
234  tons  of  blende  and  10,839  tons  of  sili¬ 


cate"  (Fifteenth  Annual  Report  of  the  State 
Lead  and  Zinc  Mine  Inspector).  The  total 
production  of  zinc  ore  In  Kansas  and  Mis¬ 
souri  was  therefore  258,051  tons,  practically 
the  whole  of  which  was  from  the  Joplin  dis¬ 
trict.  The  proportion  of  silicate  In  the  total 
was  about  6*5%.  However,  a  good  deal  of 
the  blende  was  used  by  Illinois  smelters,  who 
do  not  take  any  silicate  from  the  district. 
Estimating  their  purchases  at  75.000  tons, 
the  proportion  of  silicate  would  still  be  less 
than  10%  of  the  remainder. 
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Works. 

A 

B 

C 

D 

E 

F 

G 

H 

I 

Elements. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Zn . 

4700 

46*60 

43-00 

41*60 

45*00 

73.00 

49  36 

50*00 

5*50 

8*50 

46*50 

7 '93 
10*40 

Pb . 

3*80 

6*60 

1*80 

5-94 

8*00 

6.50 

526 

937 

Fea . 

10*34 

5*50 

8*40 

6*04 

19*00 

7 

Ak . 

0*0(56 

0*006 

0-065 

0*01 

0*01 

? 

0*005 

7 

0*044 

Cd. . 

0*005 

0*06 

010 

nil 

? 

? 

? 

? 

0215 

nil 

Cu . 

tr. 

nil 

0*15 

? 

0*20 

7 

0*025 

? 

s . 

1*08 

1*80 

1-50 

1-76 

1*20 

7 

1  28 

? 

2  9*> 

As . 

tr. 

tr. 

0*05 

nil 

? 

? 

7 

? 

0*016 

Sb . 

tr. 

nil 

0*03 

nil 

tr. 

7 

0*05 

) 

( 

? 

0  035 

Ca . 

4*00 

2*80 

3*50 

? 

6*00 

? 

2*12 

4*00 

5*25 

Mk  . 

0’60 

0-80 

1*20 

? 

1*00 

? 

1*17 

SiOj tb . 

10*00 

13*80 

22*00 

? 

10-00 

7 

1103 

6*00 

1 3*8o 

a  Includes  manganese.  l»  Includes  Insoluble  matter  other  than  silica. 


The  especially  noteworthy  features  of  the  above  analyses  are  the  com¬ 
paratively  low  grade  in  zinc  of  the  ore  smelted  and  the  high  tenors  in 
iron  and  lead  from  the  American  standpoint. 

Limit  of  Iron  in  the  Charge. — In  general,  ores  with  a  high  percentage  of 
iron  are  not  desired  by  zinc  smelters.  Nevertheless  certain  blendes  contain¬ 
ing  after  roasting  20%  ferric  oxide,  about  1%  manganese  oxide,  and  (5% 
silica  are  treated  by  the  Societe  Anonyme  de  la  Vieille  Montagne  without 
difficulty,  and  under  normal  conditions.  Those  particular  blendes  can  be 
well  desulphurized,  however,  and  after  roasting  are  easily  reducible.  Low 
grade  calamines  assaying  40%  ferric  oxide  have  been  smelted,  exceptionally, 
with  good  results  in  so  far  as  the  consumption  of  retorts  is  concerned.  On 
the  other  hand  some  calamines  with  a  high  percentage  of  ferric  oxide,  but 
of  a  very  refractory  character,  have  given  very  bad  results.  When  the  ore 
is  very  ferruginous,  and  at  the  same  time  contains  2  to  3%  S,  it  may  be 
expected  that  the  smelting  will  give  bad  results,  and  a  large  consumption 
of  retorts.1  In  brief,  this  question  is  dependent  especially  upon  the  char¬ 
acter  of  the  ore  and  the  temperature  which  is  required  for  its  reduction. 
However,  I  think  it  may  be  said  conservatively  that  a  European  smelter 
would  rarely  care  to  have  more  than  10%  iron  in  his  charge.  In  New 
Jersey  the  ore  which  is  smelted  nowadays  contains  2  to  3%  Fe  and  4  to  5% 
Jin.  Formerly  it  contained  2  to  4%  Fe  and  6  to  7%  Mn,  the  limit  of 
Fe+^Iu  being  set  at  11%.  In  Kansas  and  Missouri  the  percentage  of  iron 
that  is  tolerated  is  much  lower.  With  the  exception  of  the  Oherokee- 
Lanyon  Spelter  Co.,  which  is  using  Sadtlor  retorts,  there  are  probably  but 
few  smelt ers  who  carry  more  than  2*5%  Ft  in  their  charges,  and  important 
reductions  in  the  value  of  the  ore  are  made  when  the  tenor  in  iron  exceeds 
*De  Slm;ay,  The  Mineral  Industry,  VIII,  057. 
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1  or  2  %.  The  successful  distillation  of  a  charge  high  in  iron  implies  among 
other  things  the  use  of  a  superior  quality  of  retorts.  With  inferior  retorts 
ouly  a  moderate  percentage  of  iron  will  lead  to  disastrous  results. 

It  is  customary  in  the  West  to  deduct  from  the  value  of  a  ton  of  ore 
50c.@$l  per  unit  for  iron  in  excess  of  1  or  2%  to  cover  the  extra  cost  of 
smelting  and  lower  extraction  of  metal  due  to  the  presence  of  iron,  or  what  is 
the  same  thing  to  offset  the  relatively  higher  cost  of  superior  ore  that  must 
he  bought  to  produce  the  desired  smelting  mixture.  A  deduction  of  $1 
per  unit  is  probably  too  high  and  unfair  to  the  miner,  oOc.  more  ncarlv 
representing  the  actual  difference  to  the  smelter.  Theoretically  the  deduc¬ 
tion  for  iron  ought  to  vary  with  the  market  price  oi  spelter,  but  the  small 
differences  due  to  its  fluctuations  are  usually  ignored.  They  can  be  covered, 
however,  by  deducting  a  certain  percentage  from  the  weight  of  the  ore;  for 
example,  if  a  price  were  made  for  ore  containing  not  to  exceed  1%  Fe,  a  lot 
assaying  2%  Fe  might  be  settled  for  on  the  basis  of  97-5%  of  its  actual 

weight  and  a  lot  with  3%  Fe  at  95%,  and  so  on. 

Limit  of  Lead  and  Its  Effect.— With  respect  to  lead  in  the  ore  mixture, 
the  Soeiete  Anonvme  de  la  Vieille  Montagnc  prepares  its  charges  so  that 
they  never  contain  more  than  3  to  5%  of  that  metal,  since  its  metallurgists 
consider  that  a  higher  percentage  rapidly  destroys  the  retorts;  as  to  the 
degree  of  such  effect  of  lead,  opinions  differ  somewhat  (vide  p.  -1-).  ie 
charges  for  furnaces  which  are  to  be  driven  hard  should  not  contain  more 
than  3%  Pb;  but  in  those  which  arc  to  be  smelted  at  a  lower  temperature 
the  tenor  in  lead  may  rise  to  6%,  and  even  to  3%  or  more.’  There  are 
several  works  in  Belgium  which  make  a  practice  of  treating  ores  high  in 
lead  -  they  generally  run  their  furnaces  at  comparatively  low  temperature, 
sacrificing  something  in  the  recovery  of  zinc,  but  gaining  in  lead,  the  major 
part  of  which  remains  with  the  residues  in  the  retorts.  The  residues  are 
subsequently  enriched  in  lead  by  jigging.  W Ah  ore  assaying  0%  Pb  it  may 

•  t  a  tw  in  or  12%  of  the  quantity  present  will  be  distilled  over 
be  estimated  that  10  or *  W*  .f  ^  q£  ()ro  asgaying  45%  Zn  and  0% 

wTe  rniodThere  might  be  produced  approximately  400  kg.  of  spelter 

.  nin,r  7-2  k-  or  1-8%,  of  lead.  The  lead  tenor  of  the  crude  spelter 
profhiccd^in  Belgium  sometimes  attains  2%  and  more;  and  in  Upper 
Silesia  it  is  frequently  3%;  but  when  the  percentage  of  lead  m  the 


1  ?U.B 'ap^airtfrepresont  the  general 
practice  In  UclKlum.  There  la.  however  one 
works  In  Europe  where  ore  contalnlnj?  14  % 
Pb  (a  smelted  regularly.  Its  retort  residues 
Lsnv  18-r,%  Ph.  and  Its  spelter  only  about 
"<7  hh  Refer  also  to  the  experience  at  the 


Emil  works.  In  Wales,  described  In  Chapter 
XVII,  where  ore  assaying  24%  Pb  was  dis¬ 
tilled,  the  spelter  averaging  only  about  0*5% 
Pb.  This  would  imply  a  comparatively  low 
temperature  of  distillation,  which  inference 
Is  supported  by  the  comparatively  high  zinc 
tenor  of  the  residues. 
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ore  passes  a  certain  limit  the  proportion  which  distils  over  appears  to  be  less. 
Conversely,  when  the  percentage  of  lead  in  the  ore  is  very  small  and  the 
percentage  of  zinc  is  high  the  proportion  of  lead  which  goes  over  into  the 
spelter  may  be  large.  For  example,  in  distilling  Missouri  blende  containing 
1%  of  lead  we  are  apt  to  obtain  a  spelter  assaying  0-5  to  1%  PI),  indicating 
that  from  25  to  50%  of  the  lead  contents  of  the  original  ore  have  been  dis¬ 
tilled  and  condensed  with  the  zinc.  On  the  other  hand  a  yield  of  150  kg.  of 
spelter  assaying  3%  Pb  from  1000  kg.  of  ore  containing  200  kg.  of  zinc, 
corresponding  approximately  to  the  results  obtained  in  Silesia,  shows  that 
4-5  kg.  of  lead,  or  0-45  unit  of  lead  in  the  ore, has  passed  from  the  ore  into  the 
spelter.  As  previously  remarked,  the  distillation  of  lead  depends  a  good  deal 
upon  the  temperature;  thus  it  is  possible  to  obtain  a  metal  of  lower  lead 
content  than  the  average  by  keeping  separate  the  first  drawing,  which  is 
metal  distilled  at  the  lowest  temperature. 

In  Kansas  and  Missouri,  where  ores  with  more  than  2%  or  3%  Pb  are 
rarely  offered,  it  is  customary  to  deduct  50c.@$l  per  unit  in  excess  of  1%. 
t  is  oubtful,  however,  if  the  actual  difference  to  the  smelter  because  of 
the  presence  of  lead  in  such  ores  would  be  more  than  25@37-5c.  per  unit 
and  under  certain  circumstances  might  be  less  than  that,  and  even  nothing 
fe/i  ,In  s°  far  as  contamination  of  the  spelter  is  concerned,  a  tenor  of 
%  lead  in  the  ore  may  be  practically  as  bad  as  3%  and  in  either  case  the 
proportion  of  lead  that  will  be  contained  by  the  spelter  will  not  unfit  the 
atter  for  many  of  the  purposes  for  which  required,  and  moreover  its  lead 
con  en  s  arc,  pan  for  at  the  price  of  spelter.  In  the  ease  of  spelter  very 
ng  i  in  load  the  maximum  detraction  in  value,  as  compared  with  that  of  a 
spelter  containing  originally  about  1%  Pb,  is  the  amount  of  the  cost  of 
dining,  which  is  a  comparatively  simple  process. 

substinfCn0>l  ^A1LUIA!''  ^lere  *s  a  considerable  variety  of  carbonaceous 
,  "hldl  ,llay  «i»Ploy«l  as  reduction  material.  AmonS  tlieso 

toartWlJ 1rmn  °Ve"  cokc’  ««  coke,  and  cinder 

St  nl!vT,  1  ;  *•*■’  l0C0n,0tiv0  >“»*■«*  cinder).  The  part 

with  the  virimi  r  l"  f  Uc.m®  a?ent  and  the  reactions  which  take  place 
ri  nee  has  hZ  ut-t  '•  »  Previous  chapter.  Expc- 

in  volatile  m»  t  i  t  t  T>rtant  'hal  11,0  rc<,uci“S  aS™t  be  low 

are  nmt  ^  t n,irely  ««*«“**  °f  it  These  requirements 
cheapt there  Z  "  T 'f  and  "  ''"e  the  latter  is  obtainable 
few  A  sneei  ,11 P l"P*  T  7  rcducin'f  material,  but  such  localities  are 
meet  tit  P7art  C‘ o  OT  0,10 1’rodl,cc<1  »s  a  by-product,  also  may 

note  of  11?,^™”  8  S°  t0°  "mV  °°rtain  “‘"ral  loan  coals.  Where 
none  of  the  above  materials  are  obtainable  a  nurture  of  coal  and  coke  mav  be 
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made.  Coke  alone  does  not  give  the  desired  result  ;  it  appears  that  the 
presence  of  a  certain  quantity  of  hydrocarbons  is  necessary.  These  hydro¬ 
carbons  are  of  course  distilled  off  before  the  reduction  of  the  zinc  begins. 

In  New  Jersey,  Pennsylvania,  Indiana  and  Northern  Illinois  the  smelters 
use  anthracite  culm,  of  which  the  original  supply  is  in  close  proximity  to 
the  smelteries  of  the  Eastern  States,  while  the  Indiana  and  Illinois  smelters 
are  able  to  buy  cheaply  the  screenings  of  coal  handlers  in  Cleveland  and 
Chicago,  whither  anthracite  is  shipped  in  large  quantity  for  domestic  pur¬ 
poses.  In  Kansas  and  Missouri  the  smelters  employ  a  mixture  of  coke  made 
from  the  local  coal  and  a  lean  coal  from  the  levels  of  the  coal  measures  that 
are  near  the  surface;  two  parts  lean  coal  to  one  part  of  coke,  or  equal  parts 
of  each  are  common  proportions. 

In  Belgium  and  IthcnUh  Prussia  and  Westphalia  eerta.n  loan  coals  are 
generally  employed.  In  Upper  Silesia  the  reduction  material  for  mixture 
»ith  the  ore  has  to  lie  prepared  artificially,  sinee  all  the  coal  of  that ,  regwn, 
even  the  leaner  sorts,  is  rather  rich  in  gas.  At  the  beginning  o 
industry  there,  charcoal  was  employed  as  reduction  .„.ter,al,  bu  the  smdt- 
ers  soon  substituted  for  that  a  mixture  of  coke  and 
the  unburned  material  dropping  through  the  gra  ,s  o  **  h 

As  the  demand  for  that  material  increased,  it  is  not  unlikely  that  many 
£  run  for  a  good  production  of  cinder  rathe,  maximum 

ii-  +v.o  rnnl  With  the  general  introduction  oi  gas 

^1"  elder  became  insufficient  to  meet  the  reqmmments 
of Z line  smelters  and  the  latter  were  ohhge  t. ’**££££ % 
which  is  the  ZZot  the  volatile  matter  of  the  coal, 

t^eok^^ts^^^ 

as  reduction  material  having  *  ttmgM  distilled  from  them  can  be  utilized 
generators  are  so  arrange. I  t  .  t  J  their  ammonia  contents  arc 

,„r  heating  araw/out  between  the  grate  bars.  Other 

recovered.  ope  with  8%  to  5%  of  tar  previous  to  mixing 

with  the  coal,  whereby  It  Is  claimed  that  the 
quantity  of  coal  may  be  greatly  reduced. 


i  Thp  metallurgists  connected  with  ^the 
works  at  Orerpelt,  Belgium^  co  ^  reduc_ 

the  Presence  ^ydroc  nt  |)ftr, 

tlon  material  Pla-V8  a  %  ,0  .  or„s,  the  hydro- 
the  distillation  of  refracto  5  depositing 

carbons  being  Article 

finely  divided  <'a''X“^s  Me  lmpurlt.es 
of  ore.  thus  preventing  the  ru  t|on 

from  slagging  and  P-™'"*  vtew.  Mr. 

of  the  *«ns^fof  olerpeU.  has  patented 
Wilhelm  Schulte,  T1Q 

the  process  United  States  patent.  No.  718,- 
222,  of  Jan.  13,  1003)  of  impregnating  the 


25%  In  connection  with  the  tar  being  as 
effective  as  50%  without  it.  This  greatly 
increases  the  capacity  of  the  furnace,  and 
consequently  reduces  the  cost  of  smelting  by 
20%  to  30%,  It  is  claimed.  The  use  of  tar 
for  briquetting  the  charge  is  by  no  means 
new,  having  been  proposed  by  Rinon  and 
Grandflls.  vide  p.  510,  who  had  much  the 
same  objects  In  view. 
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works  employ  externally  heated  ovens  (Backofcn)  in  which  the  coal  is 
baked,  caking  somewhat  according  to  its  quality.  Only  Grieskohlcn 
(rice)  or  Erbskohlen  (pea)  are  used  for  making  cinder,  the  yield  of  which 
ranges  from  63  to  72%  of  the  weight  of  the  raw  coal,  according  to  the 
character  of  the  latter. 

Requisites  for  the  Reduction  Material  and  Its  I1  unctions.  Irrespective  of 
the  character  of  the  reducing  material  the  following  rules  concerning  it  may 
be  laid  down:  It  should  be  low  in  sulphur;  low  in  moisture;  and  low  in 
ash.  The  reasons  for  these  requirements  have  been  explained  fully  in  pre¬ 
vious  sections  of  this  treatise. 

The  reducing  material  performs  not  only  the  function  of  reducing  agent, 
but  also  that  of  a  sponge  to  absorb  the  slag  formed  by  the  gangue  of  the  ore. 
Because  of  the  difference  in  the  reducibility  of  various  ores  and  their  differ¬ 
ent  slag  forming  tendencies  the  proportion  of  reducing  material  to  ore  must 
be  varied  according  to  the  ore  and  the  correct  proportion  can  be  determined 
only  by  experience.  In  any  case  the  quantity  of  coal  required  will  be 
greatly  in  excess  of  what  is  demanded  by  the  theory.  Theoretically,  1  kg. 
of  zinc  oxide  should  be  reduced  by  0-148  kg.  of  carbon;  practically,  about 
three  times  that  quantity  will  be  used  at  least.1  The  presence  of  so  great  - 
an  excess  of  carbon  is  necessitated  by  the  requirement  of  an  intimate  mixture 
of  ore  and  coal  and  the  insurance  that  there  will  be  an  unburned  surplus 
which  will  absorb  the  slag  and  prevent  it  from  draining  through  the  charge 
to  the  walls  of  the  retort,  possibly  entraining  particles  of  unreduced  zinc 
oxide  on  the  way. 

These  actions  hang  together  to  a  large  extent.  Every  particle  of  zinc 
oxide  must  be  exposed  directly  to  carbon,  or  carbon  monoxide,  until  it  is 
reduced.  There  must  be  therefore  a  surplus  of  carbon  so  that  every  particle 
of  zinc  oxide  will  certainly  be  exposed  to  its  action  and  the  longer  the  time 
it  must  be  exposed  the  greater  must  be  the  excess  of  carbon  to  insure  that 
there  will  be  active  carbon  present;  and  the  greater  the  quantity  of  slag 
that  will  be  formed  the  greater  must  be  the  quantity  of  carbon  because  the 
efficiency  of  the  latter  will  be  reduced  bv  the  slag  which  will  envelop  it. 
The  fact  that  the  carbon  becomes  thus  coated  with  slag  makes  comparatively 
valueless  the  excess  that  may  be  recovered  from  the  retort  residues  by 
washing,  while  the  function  that  the  carbon  performs  as  a  sponge  is  illus- 


1  Assuming  that  a  roasted  ore  assaying 
70%  Zn  be  presented  for  distillation,  100 
kg.  will  contain  approximately  87  kg.  of 
ZnO  for  the  reduction  of  which  there  will 
bo  required  theoretically  87X0-148=12*876 
kg.  of  pure  carbon=14-3  kg.  of  coke  or  cinder 


If  the  latter  contained  00%  carbon.  Practi¬ 
cally,  at  least  40  kg.  of  coal  would  be  used, 
which  is  about  three  times  the  theoretical 
quantity.  With  ore  of  lower  grade  the  pro¬ 
portion  Is  higher. 
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trated  .hen  an  insufficient  quantity  is  used  and  there  is  a  largo  aoonmnla- 
tion  of  slag  on  the  bottoms  of  the  retorts,  corrodmg  them  and  leading  to 

increased  loss  of  metal.  .  T  ..  iirt 

Quantity  of  Reduction  Material  Required  Practically. -In  practice  the 

quantity  of  reduction  material  that  is  required  is  found  to  be  from  /3 
Z 66%%  of  the  weight  of  the  ore.  It  is  rarely  that  e.t««f  those  ex- 

in  zi“  tSj 

the  retorts  that  would  otherwise  be  available  for  ore nth  ^ “ 
nection  it  mav  be  pointed  out  that  the  crushed  coal  will  Weigh  m  tnc  n 
«  of  50  ,,Pper  cubic  foot,  while  the  hWe  assaying  50  to^Zn 

252?— " - « -  -  «  -  “ 

'“St,*  in  Belgium, 

10-34%  Fc+Mn  and  10%  Si0^;“  "  VfonWncd  an  aeemge  of 
ago  of  reduction  materia  emp  .  ^  cari,on.  At  another  works 

8-5%  volatile  matter,  %  as  ’  ir  GOtfo  Zn  6-G0%  Pb,  5-50%  Fe+Mn, 

"hich — 

18%  ash,  8%  volatile  ‘^bc  charged  into  the  retorts 

M inso  THE  CHWKim  be  in  a  ^te  of  fine  subdivision,  not 

of  a  Belgian  and  Bhemsh  fu  Mmdc  approximately  3  to  4  mm. 

to  exceed  2  mm.  sm ^for  h  a  w  reduced  to  the  proper  site 

sire  for  calamine.  The  bleu  _  ,  as  there  is  no  danger  of  sintering 

as  a  preliminary  to  to8M  roastjng  furnace,  the  product  of  tlie  latter  is 
nn  ordinary  blent  e  tQ  the  distillation  furnace  as  soon  as  it  M 

in  a  condition  to  g  ,  ca]anl;nc  has  to  be  crushed  to  the  requisite 

cool  enough  to  barn  c.  minc  if  jt  is  to  be  used  raw,  or  as  it  comes 

size,  direetly  as  it  com  ■  Western  smelters  of  the  Y nitoel  States 

from  the  kiln  if  it  Missouri  in  a  raw  condition.  In 

universally  now  ®  ^  jt<.  slin  forms  nearly  half  of  the  charge 

,-pp.r  a-pdc),  it  is  crushed  only  lo  hazel  nut  size,  the 

(formerly  .tcon»^t  ot  ^  cWp,  in  thc  Silesian  mnflle  reqmrmg 

compura  .  ^  ^  Annales  <ies  Minos  de  Belgique,  VI,  1,  45. 
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that  there  he  ample  interstices  for  the  escape  of  the  vapor.  For  the  same 
reason  the  cinder,  coke  or  coal  to  be  mixed  with  the  ore  is  broken  coarser  in 
Upper  Silesia  than  elsewhere.  In  Kansas  and  Missouri  the  coal  and  coke 
are  reduced  to  approximately  half  inch  size  as  a  maximum.  In  Belgium 
it  is  the  common  practice  to  reduce  it  to  a  smaller  and  more  uniform  size. 

The  crushing  of  the  coal  and  coke  is  a  very  simple  matter,  the  softness  of 
the  material  necessitating  nothing  but  a  machine  of  comparatively  light 
construction.  In  Kansas  and  Missouri  four-roll  crushers  are  commonly 
employed,  the  upper  pair  of  rolls  being  usually  corrugated  and  the  lowei 
pair  smooth.  Sometimes  both  pairs  are  corrugated.  Such  a  machine,  built 


Fig.  354.  Four-Roll  Coal  and  Coke  Crusher. 


by  Friedrich  lvrupp,  is  illustrated  in  the  accompanying  engraving.  Of 
course  there  are  numerous  other  machines  which  are  adaptable  to  this  pur¬ 
pose,  such  as  the  Stedman  (Carr)  disintegrator  and  some  of  the  coal  crush¬ 
ers  which  arc  made  by  the  Jeffrey  Manufacturing  Co.,  of  Columbus,  Ohio, 
and  other  concerns  in  the  same  line  of  business. 

Tire  constituents  of  the  charge,  comprising  for  example  (a)  roasted 
blende,  (b)  calamine,  (c)  lean  coal,  and  (d)  coke,  are  generally  in  small 
American  works  deposited  in  given  quantities  on  the  floor  in  front  of  the 
furnace,  into  the  retorts  of  which  they  are  to  be  put  the  next  day.  They 
are  usually  distributed  during  the  afternoon  and  their  mixture  forms  part 
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of  the  work  of  the  maneuver  of  the  next  day.  This  was  formerly  the  gen¬ 
eral  practice  in  Europe  also  and  may  be  still  to  some  extent.  In  the  large 
works  of  Belgium  and  the  United.  States,  however,  the  mixture  of  the 
charge  is  now  commonly  effected  by  mechanical  means.  At  the  A  ieille 
Montague  works  the  ore  and  coal  are  ground  together  in  A  apart  mills ;  at 
Lasalle,  III.,  they  are  mixed  in  a  revolving  hexagonal  barrel;  at  lola,  Kan., 
they  are  shoveled  together  into  a  screw  conveyor,  which  effects  the  mixture 
in  the  same  manner  as  do  the  pug-mills  that  are  sometimes  employed  in 
Europe  for  the  same  purpose.  In  each  case  .the  mixture  is  delivered  in 
cars  to  the  furnaces  and  the  maneuver  is  relieved  of  that  much  labor. 

Screw  Mixer.— The  screw  conveyors,  which  arc  generally  employed  at 
lola,  are  of  the  common  design.  They  are  set  in  the  floor  of  the  mixing 
house,  the  upper  edges  of  the  trough  flush  with  the  floor,  and  deliver  the 
mixed  charge  into  the  boot  of  a  belt  elevator,  by  which  it  is  transferred  into 
the  cars  which  go  to  the  furnaces.  It  is  worth  remarking  that  "hen  a  ^crew 
conveyor  is  arranged  in  the  manner  described  above  the  trough  should  be 
covered  by  a  grating  with  openings  sufficiently  small  to  prevent  the  entrance 
of  a  man’s  foot.  Some  serious  accidents  have  happened  in  connection  with 
open  troughs,  by  men  working  near  them  slipping  and  becoming  entangled 

Va'imrt  J/iH.-The  Vapart  mill  is  a  centrifugal  grinder  which  is  shown 

in  the  accompanying  engraving.  The  material  to  be  crushed  charged  n 

through  the  top,  arrives  on  the  upper  table,  which  is  fined  to  a rap ay 

revolving  vertical  shaft.  It  is  thrown  by  centrifugal  force,  and  the  an  le 

bars  bolted  to  the  table,  against  the  corrugated  lining  of  the  cylinder^ 

tween  the  corrugated  lining  bands  there  are  chutes,  which  discharge  the 

fading  particles  upon  the  neat  lower  table.  The  finished  product  is  die- 

diarged  from  the  liottom  of  the  cylinder  in  the  same  manner.  Access  to  the 

Interior  o  the  cylinder  is  provided  as  shown  in  the  accompanying  engraving, 
interior  y  ,  ,  Mahler  of  Aachen,  in  four  sizes :  IN o. 

This  machine  is  manufactured  by  t .  Metilcr,  .vac  , 

1  with  evlinder  1-75  m.  in  diameter,  requiring  15  to  18  h.  p.,  .No.  Z1  5 

’  «  to  12  h  n  •  No  3,  1-05  111.-5  to  8  h.  p.;  and  No.  4,  0-8  m.-3  to  4 

TT  The  lid  prices  arc  respectively  6400,  4000,  24,10  and  1000  marks 
,  ,rV— 28-8C  )  Vapart  mills  are  used  for  various  purposes  at  the 

Sle  M^c  smcltcriPM  at  Angler,  Valentin-Coc,,  FlOnc,  Viviaz  and 

1,0 '^im  VWnrc— However  the  ore  and^oal  he  mined,  it  is  cus- 
tonmrv  to  moisten  'the  mixture  will,  water  before  charging  it  into  the  retorts. 
This  is  done  to  make  it  easier  to  throw  in  the  charge  Willi  the  small  scoops 
that  arc  necessarily  employed  and  lo  avoid  raising  dast  during  the  charg- 
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ing.  The  charge  is  moistened  to  about  the  same  extent  as  in  preparing 
a  brasque,  i.e.,  so  that  a  ball  compressed  in  the  hand  will  hold  its  shape,  but 
will  not  adhere  to  the  hand. 

Preparation  of  the  Charge  in  Cartridge  Form. — Binon  and  Grandfils  pro¬ 
posed  to  mix  the  charge  for  distillation  with  the  necessary  proportion  of 
reduction  material  and  a  small  percentage  of  tar,  then  molding  it  into 
blocks,  whereby  they  claimed  that  50%  more  ore  could  be  introduced  into 
the  retort  than  by  the  ordinary  method.  It  was  further  claimed  that  in  this 


Fig.  355.  Vapart  Mill. 


way  the  distillation  could  be  effected  at  n  i  i 

r ;  7“u"  rrrr°7rT 

of  retorts  would  be  diminished,  and  that  thorn  «.raii,i  ,  ,  , 

sUTnpt’on  of  heating  cool  per  ton  of  ore,  jna81mich  M 

increase  in  the  quantity  required  per  furnace,  while  the  furnace  choree  of 
ore  would  be  considerably  greater.1  The  ,  ,  .,  enarge 

Grandfils  was  that  the  reaction  of  sine  I  T,  °'  BiDM1  an'1 

zme  oxide  is  effected  bv  carbon,  not 

1  Berg-  u.  IKlttenm.  Ztg..  1880.  Si;  1881.  27.  1000  .  loc,„ 

’  1K8“1  °31  •  1883,  108  and  211. 
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carbon  monoxide,  and  it  was  therefore  desirable  to  effect  as  intimate  a  con¬ 
tact  as  possible.  Their  method  was  tried  practically  at  Blevberg,  Belgium, 
in  1882,  with  successful  results,  it  was  said,  but  it  did  not  survive. 

Recently  a  process  which  is  substantially  the  same  as  that  of  Binon  and 
Grandfils  has  been  patented  by  H.  F.  Kirkpatrick-l’icard,  of  London,  who 
in  connection  with  ILL.  Sulman  has  been  exploiting  it  as  a  means  of  smelt- 
ing  the  mixed  sulphide  ores  of  Broken  Hill,  N.  S.  \\V  An  account  of  some 
results  obtained  in  Wales  with  this  method  of  smelting  may  be  found  in 

The  ideas  of  Wilhelm  Schulte  as  to  the  advantages  to  he  derived  Iron,  the 
use  of  tar,  or  similar  material,  in  connection  with  the  ordinary  reducing 
agent  have  already  been  referred  to  in  the  foot-note  to  p.  aOo. 

Leo  Lvnen  has  proposed  to  make  up  the  charge  in  pasteboard  cartridges, 
which  can  easily  be  shoved  into  the  retort,  claiming  thereby  that  not  only 
is  the  labor  of 'charging  reduced,  but  also  that  the  carbonized  V?* 
will  form  a  protective  lining  for  the  retort.  1  an,  unaware  that  this .  me  hod 
has  ever  been  tried.  It  would  be  rather  expensive  and  probably  would  la 

di^r.r“£;^,ox.-The  amount  of  iabov  required  for  the  man- 
ag^Uf.Saa  furnace  is  governed  chiefly 

certain  number  of  men  to  pertorm  iiutillation 

torts  in  a  period  of  hours  which will  have  anytime 

sr-  r  rs ^  ’ hOT" 

•  i  (.*„  rviftv  pertain  general  results  of  practice, 
ever,  it  is  best  to  cite  cert.  g  flceg>__The  crew  0f  tlie  2X7X16= 

Crew  for  Direct  irci  .  wcstern  districts  of  the  United  States 

224  retort  B^n ‘  "™^adkrs  (or  chargers  as  they  are  more  commonly 
is  composed  of  t  n  (also  called  stokers  and  “long  shifts”) 

called  in  this  county  ),  T])o  cmv  ig  divided  into  two  sections,  one 

and  four  ^  The  duty  of  the  crew  is  to  mix  the  ore  and 

for  each  side  o  conduct  the  distillation,  draw  the  metal  and 

coal,  perform  '  ^  romoval  and  discharge  the  residues  into  the  collect- 

pile  the  slabs  '  '  nothing  to  do  with  the  fetching  of  the  ore  and  coal  to 
ing  chutes.  ■  ^  of  r(,pidues  and  metal  from  it. 

the  fumae  ,  and  commonly  followed  custom  for  the  brigadiers 

Xt  is  an 

oiri  ami  22.570  of  1000;  Tnitod  Statos  patont,  005.744,  Jan. 

iprltlBh  I'nUiOt*.  . .  8.1001. 
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and  smelters  to  work  a  double  shift,  or  from  G  a.  m.  to  G  a.  m.,  24  hours, 
with  a  day  off  in  between.  The  helpers  work  short  shifts  each  day.  The 
idea  in  having  the  brigadiers  and  smelters  on  duty  for  24  hours  continu¬ 
ously  is  that  the  working  of  a  charge  occupies  that  time,  and  in  having  it 
performed  by  one  set  of  men  it  is  possible  to  fix  the  responsibility  for  neg¬ 
ligence  and  maintain  the  excellence  of  the  work  by  awarding  prizes  or  pre¬ 
miums  for  yield  of  metal  in  excess  of  a  certain  standard ;  or  what  amounts 
to  the  same  thing,  the  men  may  be  paid  a  certain  price  per  pound  of  metal 
obtained.  Such  an  organization  of  labor  is  desirable,  inasmuch  as  the  per¬ 
sonal  factor  enters  largely  into  the  success  of  the  distillation  process  and  a 
careless  furnace  crew  may  offset  the  advantages  of  the  best  metallurgical 
improvements  that  are  possible. 

In  the  operation  of  the  224  retort  Belgian,  direct  fired  furnace,  there  are 
required  therefore : 


2  brigadiers,  2  shifts .  4 

2  smelters,  2  shifts . . . 4 

4  helpers,  1  shift . ” . .  4 

Total  number  of  shifts . . .  12 


The  number  of  retorts  being  224  and  the  total  number  of  shifts  12,  and 
224-7-12=18*667,  one  man-shift  attends  to  18*667  retorts  per  24  hours;  but 
during  the  maneuver  there  are  eight  men  at  work,  wherefore  since  224-^8 
=28,  one  man  attends  to  28  retorts.  In  Kansas  and  Missouri  the  wages 
paid  the  furnace  men  are  approximately  as  follows:  Brigadiers,  $4*70  per 
double  shift;  smelters,  $3*80  per  double  shift,  and  helpers,  $1*40  per  single 
shift.  The  daily  cost  is  therefore : 


2  brigadiers  @  $4 '70 
2  smelters  @  SIVSO.. 
4  helpers <§)  SI *40.... 


$9*40 

7*60 

5*60 


Total, 


S:2G0 


The  224  retort  furnace  will  smelt  from  4-8  to  5  tons  of  roasted  Joplin 
ore  assaying  57  to  60%  zinc  before  roasting  (66  to  70%  after  roasting), 
together  with  all  the  blue  powder,  oxidized  skimmings  and  sweepings  from 
the  previous  charge.  The  labor  cost  of  distillation  is  consequently  $4-52 @ 
$4-71  per  ton  of  roasted  ore. 

The  furnace  crew  specified  above  is  considered  in  the  West  to  be  the 
smallest  that  can  handle  a  224-retort  furnace.  With  the  2X7Xl•l=:l^)^, 
retort  furnaces  thcic  Mill  be  the  same  number  of  men,  but  they  may  be  paid 
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only  $1-50  (brigadiers),  $3-G0  (smelters),  and  $1-30  (helpers).  The 
2X&X1G=25G  furnace  will  have  two  extra  helpers,  which  will  give  18*3 
retorts  per  man-shift  and  25*6  retorts  per  man  during  the  maneuver. 

Crews  for  Long,  Gas  Fired  Furnaces. — With  the  long  furnaces  employed 
at  the  works  of  Matthiessen  &  Hegeler  at  Lasalle,  Ill.,  the  charging  is  done 
by  tiers  of  retorts  from  one  end  of  the  furnace  to  the  other.  The  furnaces 
being  gas  fired  the  labor  of  stoking  is  concentrated  at  the  producers  and 
after  the  maneuver  there  is  no  labor  required  on  the  furnace  except  for  regu¬ 
lation  of  the  distillation  and  drawing  of  the  metal.  The  labor  is  sa  organ¬ 
ized  that  there  are  no  double  shifts.  The  crew  of  a  8G4  retort  furnace 
consists  of  the  following: 

Day:  1  stoker;  1  stoker’s  helper;  4  metal  drawers  (two  per  side);  8 
retort  cleaners;  4  chargers  (two  per  side) ;  2  men  setting  condensers  (one 
per  side)  ;  two  men  mixing  blue  powder,  etc.  (one  per  side)  ;  4  boys  cleaning 
condensers  (two  per  side) ;  total,  2G. 

Night:  1  stoker;  1  stoker’s  helper;  4  metal  drawers  (two  per  side); 
total,  G. 

The  furnace  is  therefore  operated  by  32  man-shifts,  or  one  man-shift 
per  27  retorts,  and  one  man  per  33-23  retorts  during  the  maneuver.  There 
is  a  natural  saving  in  labor  because  of  the  concentration  of  the  stoking  at 
the  producers  and  because  the  ore  is  mixed  previous  to  its  dispatch  to  the 
distillation  furnaces,  but  these  do  not  account  for  the  great  number  of 
retorts  managed  per  man  during  the  maneuver,  which  is  due  rather  to  the 
more  systematic  manner  in  which  the  work  is  performed,  to  the  \arious 
labor  saving  devices  that  have  been  introduced,  and  perhaps  also  to  a  slight 
prolongation  of  the  time  of  the  maneuver. 

The  method  of  operating  the  long,  natural  gas  fired  furnaces  at  Iola. 
Kan.,  is  similar  to  that  followed  at  Lasalle,  111.,  the  furnaces  being  charged 
in  tiers  of  retorts  from  end  to  end  and  the  men  working  single  shifts.  The 
crew  of  a  G20  retort  furnace  and  the  wages  paid  at  Iola  are  as  follows : 
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The  maneuver  is  begun  at  5  a.  m.  or  G  a.  m.  and  is  finished  at  about  10 
a.  m.  or  11  a.  m.,  respectively.  The  men  in  front  of  the  car  correspond 
to  the  helpers  on  other  furnaces;  they  remove  the  condensers,  discharge  the 
residues  from  the  retorts,  replace  broken  retorts,  etc.  The  men  behind 
the  car  replace  the  condensers  after  the  retorts  are  charged,  and  otherwise 
attend  to  the  distillation.  Their  work  ends  with  the  completion  of  the 
maneuver.  The  condenser  cleaners  scrape  the  crusts  of  oxide  and  blue 
powder  out  of  the  condensers  and  prepare  them  for  further  use;  afterward 
they  attend  to  the  distillation,  remaining  on  duty  throughout  the  day. 

The  Iola  furnace  of  G20  retorts  is  therefore  operated  by  only  21  man¬ 
shifts  per  24  hours  and  17  men  during  the  maneuver,  which  is  one  man¬ 
shift  per  29-5  retorts  and  one  man  per  36*5  retorts  during  the  maneuver. 
The  large  number  of  retorts  per  man-shift  is  of  course  accounted  for  in 
part  by  the  use  of  natural  gas,  which  practically  eliminates  the  labor  of 
stoking.  In  the  early  days  at  lola  the  maneuver  was  apt  to  be  greatly  pro¬ 
longed,  of  course  with  disastrous  results,  but  better  management  has  reme¬ 
died  that  and  in  the  latest  practice  the  maneuver  is  completed  in  about  5 
hours.  It  is  customary  in  the  summer,  when  the  weather  in  Kansas  is 
extremely  hot,  to  begin  it  as  earl)'  as  4  a.  m. 

The  Iola  furnaces  are  generally  charged  with  12-5  to  13  tons  of  ore. 
Assuming  a  labor  cost  of  $40-40  per  day,  the  average  per  ton  of  calcined  ore 
is  about  $3-10@$3-25.  The  figures  herein  quoted  are  about  representative 
of  normal  conditions,  the  wages  for  labor  varying  from  time  to  time  and  the 
practice  at  various  works  differing  in  minor  particulars. 

Labor  on  Natural  Gas  Fired  Furnaces  in  Indiana. — At  Marion.  Tml.,  the 
long,  natural  gas  fired  furnaces  are  worked  in  sections  of  200  retorts,  which 
are  charged  in  rows.  Each  section  has  the  following  crew : 


Day:  1  charter . 

1  smelter  (long  shift) . 

4  helpers  (cu  $1*35 . 

C 

Night :  2  metal  drawers  (a) 

S9T5 

Total . 

'  ■ — ■ — - - - - - - 

There  are  therefore  eight  man-shifts  per  200  retorts,  or  1 : 25,  and  six 
men  handle  200  retorts  or  1 : 33%  during  the  maneuver.  The  eharge  per 

200  retorts  is  four  tons,  wherefore  the  labor  cost  in  distillation  is  $3  04 
per  ton. 

crcVJ:  I,,ga"S’  lna-’  ‘,,C  2X4X53=«4  retort  furnace  had  the  following 
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Day:  2  brigadiers  ^  $l*SQ .  $3^4 

2  smehers  ^  1*75 .  3*50 

10  helpers  1&  1*25 .  12*50 


14  $19*50 

Night:  1  fireman . ' . . .  2tM) 

4  metal  dramers,  ^  $1*50 .  6*tW 


$S-iX> 


The  number  of  retorts  per  man-shift  was  22-3  and  per  man  during  the 
maneuver  30-3.  The  cost  of  labor  per  (lay  was  $27*80. 

The  2X4X40=320  rot  on  furnace  had  the  same  crew  except  that  the 
number  of  helpers  was  only  eight,  making  18*82  retorts  per  man-e-hift  and 
20-0 «  per  man  during  the  maneuver,  the  daily  cost  for  labor  >>.•»  -1 

The  furnace  was  charged  lightly,  320  retorts  recei'ingouh  5  ton. 
which  made  the  cost  come  to  $5*28  per  ton  of  roasted  ore. 

Labor  on  Distillation  Furnaces  in  Belgium.  At  Angleur  the  passives 
comprising  400  retorts,  gas  tired  by  produced  at  tach  tni  o  t  j 

are  manned  during  the  maneuver  by  a  crew  consisting  o  ont  '>ri~J 
two  colter,  per  caeh  quarter  section  ot  100  retorts.  There  k  ^one 
Stoker  per  end£r  shift.  The  maneuver  begins  about  a  a.  m- and  * 
about  10  a.  m.  During  the  distillation  penc*  out  inan  ^  or 

to  draw  the  metal,  etc.  There  are  therefore  14  rnen^ou  ^  ^ 

one  man  per  2S-5  retorts  and  f°“|^ ,°>“  -g’lretofL  These  do  not  include 
her  of  shifts  is  18,  or  one  man-thif  »  <■  *  ashes  and  spelter, 

the  trammers,  who  fetch  coal  and  ore  an  ^  furnaeemen  in  various 
nor  boys  who  attend  to  the  pro  ongs  modern  Belgian  furnaces 

minor  ways.  It  will  be  observed  that  in  ^  in  American  prae- 

the  efficienev  of  the  labor  is  a  n  vq  labor  cost  of  distillation  is 

tice,  bn,  the  wages  paid  are  much  wilI  n0  doubt  continue 

very  much  in  favor  of  the  Belgian  retorts.  The  ad- 

to  be  -o  as  long  as  zinc  ore  ha>  o  *-  ^  offset,  however,  by  the  high 

vantage  of  the  Belgians  with  respect  to  labor 

cost  of  their  coal  supply-  140  ret0rts  (70  yK-r  side)  which  are 

The  older  direct  fired  *“*“**.  are  man„ed  by  two  brigadiers  and  four 
still  used  in  Belgium  to  some  e  two  men  during  the  distillation, 

smelters  during  **  ^"during  the  maneuver  and  17-5  retorts  per 
i.e..  one  man  per  23  VS*  r 

man-shift  for  the  entire  24  The  foregoing  data  as  to  the 

Conclusions  as  to  I*  °  ^  ^  distillation  pnxess  in  Belgian  fur- 

laW 

naces  arc  summarized 
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Locality 

Met ho<  1  of  firing 

No.  of 
retorts 
in 

furnace 

No.  of  re¬ 
torts  per 
man -shift 
per  24  h. 

No.  of  re¬ 
torts  per 
man 
during 
maneuver 

Kansns . 

Direct . 

0224 

19 

28 

Collinsville. 

o2cG 

18 

26 

L&sallc 

Producer  gas . 

0861 

27 

33 

Iola . 

Natural  ga* . 

o620 

29 

36 

Indiana. 

o2U0 

2) 

33 

4 1  44 

0424 

22 

30 

Belgium . 

Producer  gas . 

64(10 

22 

28 

Direct . 

0140 

18 

23 

a  Double  furnaces  with  two  working  faces,  separated  completely  by  middle  longitudinal 
wall,  b  Massive  of  two  double  furnaces,  each  of  which  has  two  working  laces  but  is  not 
entirely  divided  by  middle  longitudinal  wall. 


It  appears  therefore  that  experience  has  shown  that  in  the  operation  of 
Belgian  furnaces  there  is  required  during  the  maneuver  one  man  per  25  to 
33  retorts.  In  that  part  of  the  process  there  is  not  necessarily  a  great  dif¬ 
ference  between  natural  gas  firing  and  direct  coal  firing,  because  in  the  case 
of  the  latter  the  fires  require  temporarily  but  little  attention  and  the  stoker 
helps  the  other  smelters  to  discharge  and  charge  the  retorts.  The  maximum 
efficiency  is  attained  with  long  furnaces,  not  more  than  five  rows  high, 
which  are  charged  in  tiers  with  the  aid  of  cars  and  permit  possihlv  of  the 
best  systemization  of  the  labor.  With  respect  to  the  entire  period  of  21 
1  lours,  however,  the  gas  fired  furnaces  acquire  a  distinct  advantage  because 
the  labor  of  stoking  is  dispensed  with  in  the  case  of  natural  gas  firing  and 
is  minimized  in  the  case  of  producer  gas  firing,  and  the  other  labor  being 
chiefly  super\ision  of  the  distillation  and  drawing  of  the  metal  one  man  is 
able  to  attend  to  a  relatively  large  number  of  retorts. 

Labor  on  Rhenish  Furnaces.— At  Stolberg,  Rhenish  Prussia,  a  furnace 
with  210  retorts  is  manned  by  the  following  crew :  Two  stokers,  each  work¬ 
ing  a  12-hour  shift ;  two  metal  drawers  (lads  of  16  to  18  years),  each  work¬ 
ing  a  12-hour  shift;  14  furnace  men  working  a  short  shift  (during 
the  maneuver),  and  one  man  on  the  day  shift  wheeling  ore,  coal  and  resi¬ 
dues.  Such  a  furnace  with  retorts  1-2  to  1-4  m.  in  length  smelts  about  eight 
metric  tons  of  roasted  ore  mixed  with  40%  of  reduction  coal  per  24  hours, 
w,th  a  consumption  of  8-5  to  9-2  tons  of  heating  coal.  The  furnaces  are 
gas  fired  and  have  heat  recuperators  (counter  current  system).  Excluding 
the  trammer,  there  is  one  man  to  15  retorts  during  the  maneuver  and  one 
man-shift  per  13%  retorts  during  the  24  hours. 

At  Dortmund  Westphalia,  a  furnace  with  240  retorts  smelts  8000  kg.  of 

,  nuxe<  w  dli .  %  of  its  weight  of  reduction  material,  per  24  hours,  with 
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a  crew  consisting  of  two  stokers,  each  working  a  12-hour  shift,  four  briga¬ 
diers,  four  smelters  and  eight  helpers.  Including  the  stoker,  there  is  one 
man  per  14  retorts  during  the  maneuver.  The  latter  begins  at  5  a.  m.  am 

is  finished  at  11  a.  m. 

At  Letmathe,  Westphalia,  direct  fired  furnaces  with  ,o  retorts,  0-lGo 
VO-255  m.,  were  in  use  in  1895.  The  charge  of  ore  per  furnace  was  l.»„0 
kg.,  with  which  38  to  40%  of  reduction  coal  was  mixed.  The  furnace  crew 
consisted  of  one  man  working  24  hours  and  two  men  working  10  hours, 
which  would  correspond  to  one  .nan  per  25  retorts  during  the  maneuver 
and  one  man-shift  per  18%  retorts  during  the  whole  2-k  hours.  ‘  ^ 

noted,  however,  that  in  this  case  the  retorts  arc  considerably  smaller 
the  charge  per  retort  less  than  in  the  general  llhuiis  .  prae  lc'-‘ 

At  Xeumuhl-Hambora,  near  Oborhausen,  the  urnaces,  uh  h  art  gw 

maneuver.  ,  ^  fired  furnaces  with  20 

Labor  on  Silesian  Furnaces.-On  the  old,  direct  «  _  ^  ,^w  Ajft> 

to  28  muffles,  the  crew  eons.sted  of  one  s  It  ,  with  28  t„  3* 

and  two  stokers,  each  working  a  1-ho  r  s It.  ^  Mm,pon(,s  to 

n, utiles  have  one  smelter,  one^' liedper^  ^  and  „„0  man-shift  per 

about  one  man  per  10  mu  1  •  n  [{h  56  to  64  muffles  have 

six  muffles  during  the  24  hou  s.  Thejhiru.e^^  ^  ab„ut  13 

two  smelters,  two  helpers  an<  ^  muffles  per  man-shift  for  the 

muffles  per  man  durm^^  ^f^naces,  which  have  two  smelters,  one  of 
whole  24  hours.  In  the  ‘  In  the  case  of  the  small  furnaces, 

the  latter  acts  as  chie  ,  ^  crews  of  two  furnaces  help  each  other  in 

which  have  only  one  defectivc  muffles.  The  stokers  work  12-liour 

heavy  work,  such  as  >  1  m  rptiey  have  to  attend  to  the  fires 

shifts,  beginning  at  6  a.  furnaws  have  to  reverse  the  valves  every 

and  in  the  case  o  the  gmeltors  during  the  maneuver.  It  used  to 

half  hour;  they  aw  ••  ;  r  gjicsia,  and  may  still  he  so,  to  pay  the 
be  the  common  1  ‘  (vntncr  of  zin0  produced,  the  price  being  divided 

furnace  men  so  m*  1  ptok(,rs  and  helpers  in  the  order  named.  The 

unequally  am<m.L  ^  al)0ut  n,arks  per  shift;  stokers,  3tfi  3-25 ; 

ratio  is  sue  '  ^  ^  ln  {]w  car]v  days  of  the  zinc  industry  in  Upper 


,  Schnabel.  Ilandbuch  der  MetallhattenkUBde,  II,  174. 
*  Scbnabel,  loo.  cit.,  p.  177. 
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Silesia,  smelters  earned  only  1  mark,  stokers,  0-75  mark,  and  helpers  0-50 
mark. 

Tiie  Maneuver. — In  the  operation  of  the  ordinary  Belgian  furnace  the 
maneuver  of  discharging  and  recharging  the  retorts  is  begun  immediately 
after  the  arrival  of  the  new  shift  at  4,  5  or  G  a.  m.,  as  the  case  may  be. 
The  old  shift  has  previously  made  the  last  drawing  of  metal  and  permitted 
the  fires  to  die  down,  so  that  the  furnace  is  only  at  red  heat.  The  brigadier 
and  charger  begin  immediately  to  mix  the  ore  and  reducing  material  on 
the  floor,  if  that  has  not  previously  been  done  mechanically.  In  the  mean¬ 
while  the  helpers  remove  the  condensers  of  the  highest  row.  In  order  to 
approach  them  a  long  bench  is  moved  in  front  of  the  furnace,  or  a  platform 
hung  by  trolleys  from  the  tie  beams  of  the  roof  is  moved  up.  A  sheet  iron 
shield,  equal  in  length  to  that  of  the  furnace  and  about  three  rows  of 
retorts  in  height,  suspended  by  counterweighted  chains  at  each  end,  is 


*0 


« 


=>c 


Fig.  35G. 


Tools  Used  in  Connection 


With  Belgian  Type  of  Furnace. 


A.  I?ar  for  removing  condensers,  H. 
ting  up  condensers.  D.  Charge  scoop, 
pering  furnace. 


Holder  for  setting  up  condensers.  C.  Har  for  set- 
K.  liar  for  carrying  hot  retorts  from  the  tem- 


pulleil  down  to  protect  the  man  on  the  platform  from  the  heat  of  the 
letorts  below  the  row  on  which  lie  is  working.  The  man  on  the  platform 
removes  the  condensers  by  means  of  a  bent  bar,  like  that  which  is  shown 
at  .1  in  tig.  35(5.  lie  throws  them  one  by  one  to  his  companion  on  t lie 
Hour,  who  deftly  catches  them  with  a  similar  bar  and  deposits  them  con- 
umiently  on  the  floor,  the  first  two  or  three  inches  of  residue  in  the  retort 
die  then  raked  out  and  saved  apart;  this  portion  of  the  old  charge,  which 
is  naturally  higher  in  zinc  than  the  average,  is  added  to  the  charge  of  the 
next  day  following.  The  quantity  obtained  will  depend  somewhat,  upon  the 
judgment  of  the  smelters  as  to  ihe  extraction  of  zinc  from  the  previous 
charge. 

('hairing  thr  Jietorls.— The  rich  residues  having  been  removed,  the  re¬ 
torts  are  ready  for  the  discharge  of  the  remainder.  This  is  effected  in 
various  ways.  The  old  system,  which  is  still  employed  extensively,  is  simply 
to  draw  them  out  with  rabbles.  At  the  works  of  the  Matthiessen  &  Hegeler 
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Zinc  Co.  at  Lasalle,  Ill.,  a  platform  car  is  employed  for  this  purpose,  as 
described  in  Chapter  X.  This  arrangement  is  obviously  advantageous  only 
"ith  long  furnaces,  which  are  worked  in  tiers  and  not  in  rows,  or  with  series 
of  short  furnaces  arranged  in  a  straight  line. 


In  Kansas  and  Missouri  it  has  become  the  general  practice  to  blow  out 
the  residues  with  steam.  For  this  purpose  the  sheet  iron  shield  in  front  of 
the  furnace  is  provided  with  holes  corresponding  to  the  openings  in  the 
retorts.  A  1-in.  wrought  iron  pipe  of  suitable  length,  say  about  8  ft., 
connected  by  a  rubber  hose  with  the  main  supply  pipe,  is  put  through  the 
hole  and  thrust  to  the  back  of  the  retort.  Steam  is  then  turned  on ;  or  more 
commonly  water  is  used,  issuing  from  small  holes  in  the  end  of  the  pipe. 
The  water  being  suddenly  converted  into  steam  by  the  intense  heat  of  the 
retort  blows  out  the  contents  of  the  latter  with  an  explosive  effect.  The 
hot  ashes  so  blown  out  strike  the  shield  hung  in  front  of  the  furnace  and 
drop  into  the  open  pockets  below  the  floor.  The  loose  ashes  are  blown  out 
very  cleanly  and  if  there  be  no  fused  slag  in  the  retort,  the  latter  is  ready 
for  the  next  charge.  However,  there  is  generally  more  or  less  slag.  The 
steam  does  not  blow  it  out  and  it  must  subsequently  be  removed  with  the 


aid  of  a  rabble  in  the  usual  manner.  As  to  whether  serious  harm  is  done 
to  the  retorts  by  the  use  of  steam  or  water  in  the  manner  described,  it  is  an 
open  question.  With  steam  alone  it  may  be  indeed  that  the  retorts  do 
not  suffer  in  any  way,  but  with  the  use  of  water,  the  explosion  which  takes 
place  is  rather  violent  and  it  may  be  supposed  to  have  a  weakening  effect 
upon  the  fragile  walls  of  the  retort.  Some  metallurgists  are  opposed  to  the 
use  of  water  for  this  reason,  calling  attention  to  cracks  in  the  retorts  which 
are  presumably  due  to  it.  The  smelters  like  to  use  water  rather  than  steam 

because  the  pipe  is  so  much  more  easy  to  handle. 

Charninq  by  Hows.—' The  retorts  of  the  uppermost  row  having  been 
cleaned  out,  the  working  platform  is  moved  again  to  the  furnace  and  he 
brigadier  and  charger  mount  it  to  ref, 11  the  empty  retorts  One  of  the 
helpers  throws  the  previously  mixed  charge  iron,  the  floor  to  the  platform, 
an.  the  brigadier  and  eharger  throw  it  into  the  rrtorts  by  means  of  narrow 
i,  nVmvolful  is  thrown  in  with  considerable  force,  so  that  the 
T>OPb‘  ; .  to  fill  the  entire  cylinder.  Experienced  smelters  acquire 

e  roof  skill'  in  thus  fdling  tl.ese  long  cylinders  of  comparatively  small  diame- 
r  o,‘ch  shovc.lful  going  unerringly  to  its  destination,  without  any  spilling 
oT charge  With  the  ordinary  8X-f8  in.  retort,  from  seven  to  nine  shovel¬ 
ful  are' required  per  retort.  Inasmuch  as  there  are  16  retorts  in  a  row, 
each  man  has  to  throw  in  from  56  to  72  shovelfuls  per  row;  the  work  having 
to  he  done  in  the  shortest  possible  time  and  the  heat  radiated  from  the 
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front  of  the  furnace  being  high,  the  labor  of  charging  is  extremely  arduous 
in  character. 

While  the  charging  is  going  on  the  second  helper  scrapes  the  oxide  and 
crust  out  of  the  condensers,  which  will  be  ready  by  the  time  that  the  charg¬ 
ing  is  completed.  The  retorts  having  been  filled,  a  small  rod  is  thrust 
longitudinally  through  the  charge  at  the  top  to  make  a  hole  for  the  escape 
of  the  first  gas,  the  ore  that  has  been  spilled  on  the  front  shelf  is  scraped 
off  and  the  helpers  then  replace  the  condensers,  which  are  handled  by  means 
of  a  carrying  bar  like  that  which  is  shown  at  C  in  Fig.  35(5,  or  by  means  of 
the  device  shown  as  B  on  the  same  plate.  One  man  sets  the  condensers  in 
the  retorts;  another  following  him  puts  a  piece  of  brick  under  each  one  to 
raise  the  end  to  the  proper  position.  The  joint  between  the  condenser  and 
the  retort  is  then  luted  up  and  stamped  tight  with  a  red  hot,  crescent -shaped 
iron.  Finally  the  open  end  of  the  condenser  is  closed  with  a  ball  of  brasque. 
The  second  row  of  retorts  is  then  discharged  and  recharged  in  the  same 
manner,  and  so  on  with  each  successive  row  until  the  maneuver  is  com¬ 
pleted,  which  will  be  about  five  hours  after  the  beginning,  depending  among 
other  things  upon  the  number  of  broken  retorts  that  have  to  be  replaced. 
Only  the  seventh  and  sixth  rows  have  to  be  charged  from  the  platform; 
the  charge  for  the  fifth  and  lower  rows  can  be  thrown  in  directly  from  the 
floor  of  the  furnace  house.  Consequently,  with  the  modern  furnaces,  which 
are  only  five  rows  high,  the  platform  is  dispensed  with. 

Charging  by  Tiers. — In  the  long  furnaces  which  are  employed  at  Lasalle, 
Ill.,  and  Iola,  Kan.,  the  retorts  are  handled  in  tiers,  beginning  at  one  end 
of  the  furnace  and  finishing  at  the  other.  The  operations  of  the  maneuver 
in  this  case  are  the  same  as  when  the  retorts  are  handled  in  rows,  but  the 
method  of  handling  them  in  tiers  permits  the  various  operations  to  be  per¬ 
formed  contemporaneously.  Thus  one  gang  of  men  will  remove  the  con¬ 
densers  and  rake  out  the  residues;  another  gang  following  them  will  re¬ 
charge  the  retorts;  and  a  third  gang  following  the  chargers  will  replace  the 
condensers.  With  this  method,  the  charging  is  done  invariably  from  a  car 
which  is  moved  on  a  track  in  front  of  the  furnace.  The  duration  of  the 
maneuver  depends  upon  the  length  of  the  furnace  and  number  of  men ;  with 
the  5X00=300  retort  furnaces  employed  at  Iola,  Kan.,  and  the  crew  with 
which  they  are  ordinarily  handled,  it  is  generally  completed  inside  of  six- 
hours.  There  is  no  doubt  that  the  handling  of  a  distillation  furnace  from 
end  to  end  is  advantageous  with  respect  to  economy  in  labor,  but  if  the 
furnace  be  undermanned,  through  mistaken  ideas  as  to  economv,  the  ad¬ 
vantages  may  easily  be  lost.  End-to-end  charging  is  not  restricted,  how- 
e\er,  to  fui  naecs  of  excessive  length ;  it  is  not  indeed  advantageously  adapted 
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to  the  ordinary  TXlt>  Belgian  furnace,  but  with  certain  short  furnaces  the 
method  can  be  employed  quite  as  well  as  with  the  long  Iola  and  Lasalle 
furnaces. 

Distillation. — After  the  completion  of  the  maneuver  the  work  of  the 
helpers  (short  shifts)  is  ended  for  the  day  and  the  distillation  of  the  charge 
is  conducted  by  the  smelters,  or  as  they  are  variously  called,  the  brigadier 
and  charger,  brigadier  and  stoker,  charger  and  long  shift,  fireman  and 
metal  drawer,  etc.  Even  before  all  the  retorts  have  been  charged,  the 
development  of  gas  has  begun  in  the  upper  rows,  or  in  the  tiers  adjacent 
to  the  near  end  of  the  furnace,  according  to  the  method  of  charging.  Be¬ 
fore  this  gas  has  acquired  sufficient  pressure  to  blow  out  the  stoppers  m 
the  noses  of  the  condensers,  small  holes  are  made  in  the  latter  to  permit 
the  escape  of  the  gas,  which  by  that  time  has  sufficient  tension  to  cause  a 
lively  whistle  in  passing  through  the  outlet  made  for  it.  I  his  gas  is  pure 
coal' gas  resulting  Iron,  the  distillation  of  the  hydrocarbons  in  the  coal, 
being  analogous  to  ordinary  illuminating  gas  without  enrichment  It  burns 
with  a  rather  luminous  flame,  which  becomes  less  bnght  as  the  percentage 
of  carbon  monoxide  increases,  gradually  becoming  purple  and  •>c<lulr,nh 
the  other  characteristics  of  CO  gas.  The  maneuver  having  been  completed 
the  temperature  of  the  furnace,  which  has  previously  been  maintained  at  a 
inc  U111P  ....  .  v  fn  Leat.  After  a  short  time  the  flames 

red  heat,  is  ,  tinged  bluish  green  from  the  presence 

issuing  from  the.c0™t“nl<r  ,  tl]C  distniation  has  begun.  As  the  distilla- 
of 1,urn,ng  Zini’‘aeUritv  the  flame  becomes  more  luminous  and  brilliantly 

'0I“  increases  maeti^yt^  ^  ^  ^  o£  tho  pcrio(,  when  it 

bluish  green,  an  •  succeeded  bv  the  purple  carbon  monoxide  flame. 

gradually  disappear  and^aic^.^  ^  „  prcsent  it  will 

I  he  burning  /Ult  .  arance  nf  a  brownish  smoke,  particularly  at  the  be¬ 
lie  detected  by  tl  < ‘IP  n  thc  cadmium  chiefly  comes  over.  If  prolongs 

winning  of  the  dlt*  <  j.i._ .-./Ur,  or.™  mlinn  +Lo  yinr*  flame  first. 


are  cm 


r  of  the  <1*  *  ’  t  on  the  condensers  when  the  zinc  flame  first 

ployed,  tnej  ait-  i 

appears.  t  nf  the  distillation  period  the  zine  which  comes  over 

During  <  "  as  blue  powder  and  oxide,  because  of  the  relative  cool- 

is  condense  ^ cnsers,  the  poverty  of  the  gas  and  the  presence  of  some 
m.8g  of  the  co  ^  ^  ^  wiU  not  condense  readily  as  liquid  until  the 

carbon  *1'^^  ^.nc  vapor  has  increased  and  the  diluting  gas  is  almost  pure 
percent agn^^;^  Evcn  {1lon  there  WJU  he  a  considoralde  formation  of 
carbon  nu^  <1)0  temperature  of  the  condensers  lie  too  low;  on  the  other 
ldue  bc  too  high  an  increased  percentage  of  zinc  will  escape  without 

1iaI1'l’nsat ion  It  is  the  duty  of  the  brigadier  to  regulate  this.  I f  the  wind 
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be  fresh,  the  doors  on  the  windward  side  of  the  furnace  house  are  closed 
to  prevent  an  undue  cooling  effect  on  that  side  of  the  furnace.  At  Lasalle, 
Ill.,  the  furnace  houses,  which  are  there  very  large,  are  provided  with  sus¬ 
pended  sheet  iron  shields,  which  can  he  pulled  down  so  as  to  enclose  the 
furnaces  on  all  sides,  the  shields  in  front  of  the  facades  being  about  G  ft. 
distant  from  the  latter. 

Besides  regulating  the  temperature  of  the  condensers,  the  brigadier  sees 
that  they  are  kept  clear  of  oxides  and  crusts,  which  might  accumulate  so  as 
to  obstruct  the  free  egress  of  the  gas,  and  watches  closely  for  broken  retorts. 
The  existence  of  the  latter  is  indicated  by  a  dying  out  of  the  flame  at  the 
nose  of  the  condenser,  the  chimney  draught  drawing  the  gas  through  the 
crack  into  the  combustion  chamber,  wherefore  the  pressure  inside  of  the 
retort  is  diminished.  This  is  indicated  also  by  the  appearance  of  a  white 
smoke  issuing  from  the  chimneys  during  intervals  between  stoking,  when  its 
presence  is  not  concealed  by  the  great  volume  of  black  coal  smoke.  As 
soon  as  a  defective  retort  is  located,  the  metal  in  its  condenser  is  drawn  off, 
the  condenser  is  removed,  and  the  contents  of  the  retort  are  pulled  out. 

Ihe  condensed  metal  is  tapped  three  times  during  the  twenty-four  hours, 
usually  at  2  p.  m.,  10  p.  m.  and  5  p.  m.  It  is  drawn  from  the  condensers 
into  a  kettle,  which  is  swung  under  the  condenser  noses  so  that  the  liquid 
metal  accumulated  in  the  condenser  can  be  readily  scraped  out  into  the 
kettle.  As  soon  as  a  kettleful  of  metal  has  been  obtained,  a  handful  of 
coke  dust  is  thrown  in,  to  prevent  undue  oxidation  of  metal,  and  the  oxide 
and  blue  powder  are  then  skimmed  off  and  reserved  for  redistillation  with 


the  next  day’s  charge.  The  clean  metal  is  then  poured  into  the  molds, 
which  have  conventionally  the  form  of  plates,  or  slabs.  The  dimensions  and 
weight  of  these  slabs  vary  somewhat  at  different  works;  a  slab  weighing 
50  11).  is  an  ordinary  size.  This  requires  a  mold  9X18X1!4  in  which  will 
hold  52  lb.  even  full;  one  of  9X18X1%  in.  will  hold  57  lb!’ even  full.1 
Some  smelters  make  slabs  weighing  only  -15  lb.,  and  others  make  them 
weighing  as  much  as  G5  lb.  At  Iola  it  is  the  general  practice  to  cast  the 
ordinary  spelter  known  as  “prime  Western,”  in  65  lb.  slabs;  the  first  draw¬ 
ing  of  metal,  which  is  the  purest  because  of  having  been  distilled  at  the 
lowest  temperature,  as  frequently  cast  in  50  lb.  slabs  and  sold  as  “brass 
special,  extra  select,  or  under  some  other  particular  trade  name.  In 
Belgium  a  common  weight  is  IS  to  20  kir 
Prarlirr  In  BrJqium. — The  method  of 

I  ,.  ,,  m<  uma  ot  performing  the  maneuver  and  con- 

Quoting  the  distillation  with  the  various  type,  „f  furn„cos  lovM,  in 

Belgium  „  essentially  the  same  as  in  the  VnitoJ  States.  The  furnace  crew, 

A  cubic  Inch  of  cast  zinc  weighs  0*2564  lbs. 


rUACTICE  IX  DISTILLATION. 


523 


or  brigade,  consists  of  a  brigadier,  who  draws  the  metal  and  superintends 
the  distillation  generally  (and  also  dor's  the  stoking  if  it  hr-  a  direct  « 
furnace)  and  a  different  nun, ter  of  smelters  called  “inanreuvres,  who  d,a- 
charee  and  charge  the  retorts.  In  the  case  of  direct  fired  furnaces  one  or 
the  smelters,  known  as  the  “grand  manoeuvre,”  works  a  long  shift t  w  t 
brigadier.  Besides  the  trammers  who  remove  the  residues  popped  into 

the  cellars,  there  are  generally  four  bo\s  by  ay  an<  *  ^ 

everr  three  massives,  who  supply  the  smelters  with  drin  fc  P 

form  various  light  dutiea  such  as  attending  to  ^  Prolong,  Gas  fired  fu 

naees  also  have  in  addition  C  hriga- 

attend  to  the  generators.  The  stokore  wore  ^  a3  at 

diers  generally  remain  for  ~4  hours,  c  smelters  and  the 

Angler,  they,  torn,  work  only  »  ^“  l^ing  commonly 

ash  trammers  are  emplovd  .  .  *  ^  g;x  to  seven  hours  in 

from  5-5  to  6-5  hours  iu  case  of  ^  ^  brigadiers  WOrk  12-hour 

the  case  of  the  latter.  -  0  .  -omains  on  duty  -with  the  bnga- 

shifts,  one  of  the  “manoeuvres  there  isalso  a  brigadier 

dier  after  the  charging  is  coin  10  ihosc  who  are  called  "metal  drawers” 
and  a  “manoeuvre,”  correspond  g  Belgium  generally  occupies  five 

iu  the  united  States  ^^^^"valemin-Coei,  and  at  Fidne, 
hours.  In  the  case  of  the  Kliem  thcre  ig  a  brigadier  and  crew 

which  are  grouped  in  massive  ^  retorts  Gf  the  first  furnace  having 

for  each  side  of  the  massive.  hours>  the  54  of  the  second  furnace 

been  charged,  which  occupies^  ^  more>  Tn  the  meanwhile  the  brigade 
are  taken  in  band,  requiring  magsivc  has  been  working  in  the  same 

attending  to  the  other  sn  >r  of  a  gingle  furnace  occupies  only  2*5 

sequence.  in  Ul1,  *  fnr  tiie  distillation. 

hours,  leaving  2l->  hnl  .  tfce  silwian  furnaces  the  conduction  of  the  dis- 
Silesian  Practice-  e  ag  with  the  Belgian  and  hbemsh  furnaces 

filiation  is  essentia  >  except  that  the  condensers  are  not  removed 

equipped  with  8^d  harging  the  retorts  (muffles)  and  spelter  is  drawn 
for  discharging  and  1  24  hours.  The  condenser  is  inserted  in 

from  the  condensers  i  end  0f  the  muffle  under  the  condenser 

elay^ plate,  which  *  luted  in  tightly  during 
being  closed  1*.  ‘  beginning  of  the  manor  er  this  plate  is  taken  away 

the  distillation.  ^  ^  ^  thrQU?h  the  ,  ^ning.  The  muffle  is  then 
and  the  rend _  ^  ^  ^  roal  through  he  condenser  (the  lowest  sec- 

Tccharged  hj  »  *  or  KlcProan  condenser).  The  charger  is  obliged 

t’put  the  ore  a  greater  distance  than  in  thcreae  of  the  Belgian 
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retorts,  and  even  more  deftness  is  required  in  tilling  the  Silesian  retort  than 
in  filling  the  Belgian.  It  is  hardly  possible  to  till  successfully  a  Silesian 
retort  longer  than  2  m.,  which  necessitates  a  delivery  of  about  3  m.  through 
a  rectangular  opening  only  0-15  m.  wide  and  0-20  m.  high.  About 
45  shovelfuls  of  charge  are  required  to  fill  a  muffle.  The  latter 
is  not  filled  quite  to  the  top,  as  is  done  in  the  case  of  the  Belgian  re¬ 
torts.  After  the  muffle  has  been  charged,  the  ends  of  the  condensers  are 
closed,  and  the  discharge  opening  of  the  muffle  having  been  previously  se¬ 
curely  luted  up,  the  entire  series  of  operations  occupying  about  six  hours, 
the  temperature  of  the  furnace  is  raised  rapidly  to  whiteness.  The  volatili¬ 
zation  and  condensation  of  the  zinc  begin  after  the  elimination  of  the  moist¬ 
ure  and  hydrocarbons  of  the  coal,  the  same  as  in  the  Belgian  process,  and 
attain  the  maximum  after  about  six  to  eight  hours,  and  remain  stationary 
foi  another  six  to  eight  hours.  The  activity  of  the  process  then  diminishes 
and  is  concluded  in  a  few  hours  longer. 

In  the  course  of  the  maneuver  the  muffles  that  have  become  badly  defect- 
ne  are  replaced,  and  those  which  may  have  been  cracked  but  are  still  capable 
of  being  repaired  are  patched  with  clay.  In  the  case  of  furnaces  having 
two  rows  of  muffles  the  upper  is  charged  first  and  then  lower.  In  all  the 
Silesian  furnaces  the  charge  for  the  various  retorts  is  modified  as  to  quan¬ 
tity  and  character  of  material  according  to  the  position  of  the  retorts  in 
the  furnace,  but  with  the  general  application  of  gas  firing  less  attention  is 

required  in  that  respect,  since  the  temperature  of  all  the  retorts  is  more 
nearly  alike. 

1  lie  management  of  the  Rhenish  furnaces  embodies  features  of  both  the 
Belgian  and  the  Silesian  practice.  The  retorts  are  discharged  and  re- 
f  lar^u  m  rows,  beginning  with  the  uppermost.  The  condensers  remain  in 
place  and  the  charge  is  put  in  through  them.  Spelter  is  drawn  off  onlv 
once  per  24  hours. 


Temperature  Maintained.—' The  reduction  and  distillation  of  zinc  oxide 
a  _ins  at  a  mo«  <  1  ate  degree  of  heat,  but  the  higher  the  temperature,  the  more 
rapir  an<  comp  etc  is  the  action,  wherefore  the  temperature  is  maintained 
m  the  furnace  at  a  much  higher  point  than  what  is  theoretically  required. 
Speaking  generally,  the  European  smelters  appear  to  drive  their  furnaces 
urder  than  the  American  and  obtain  relatively  a  better  extraction  of  metal 
iYi  the  same  time;  an  examination  of  the  analyses  of  retort  residues  given 
elsewhere  m  this  treatise  will  show  this.  This  better  extraction  of  metal  at- 
nmed  by  harder  driving  of  the  furnaces  is  not  at  the  expense  of  the  life  of 

He  t  no  TT  '  aS  t  ie,^h  0f  furnac°  at  European  smelt- 

8  n  ihG  Wh°le  pro1,ably  m  CX0MS  ot  the  average  American  practice; 
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whether  it  he  due  to  tetter  construction  or  better  management,  or  both,  is 
immaterial.  This  conclusion  has  special  reference  to  the  older  lvansas- 
Missouri  practice.  During  the  last  two  or  three  years  in  the  practice  of 
smelting  with  natural  gas  there  has  been  such  improvement  as  to  leave  but 
little  difference  in  the  results. 

The  temperature  of  the  distillation  furnace  attains  a  maximum  toward 
the  end  of  the  distillation  period.  It  falls  olf  greatly  when  the  condensers 
are  taken  down  and  the  ashes  are  pulled  out ;  and  sinks  further  when  the 

eold  charge  is  introduced.  The  latter  cools  the  retorts  to  a  . . . 

low  point.  The  temperature  of  the  furnace  is  then  raised,  the  charge  in  t 
retorts  heating  up  gradually,  and  finally  attaining  a  temperature  within 
about  100“  C.  of  that  of  the  furnace.  The  temperature 
24  hours  arc  shown  in  the  following  determinations  by  Doctor  Otto  Muh 


Time 

Temp’ature 

F. 

10.30 

.... 

1298 

11.00 

11.65 

11.30 

•  9  •  • 

1155 

12.00 

•  •  •  • 

1067 

12.30 

##§§ 

1067 

1.00 

•  •  •  • 

1067 

1  30 

781 

1067 

2.00 

814 

1100 

2.30 

•  809 

1100 

3.00 

|  924 

1111 

The  temporal 

Time 


3.30 
4.00 

4.30 
5.00 

5.30 
6.00 

6.30 
7.  IK) 

7.30 
8.00 


Temp’ature 


R.  F. 


957 

935 

935 

946 

946 

979 

1001 

1001 

990 

1001 


1155 

1166 

1138 

1144 

1155 

1166 

1166 

1177 

1177 

1188 


Time 


Temp’ature 


8.30 
9.00 
9-30 
10.00 

10.30 
11.00 

11.30 
12.00 

12.30 
1.00 


R. 


1012 

1001 

1012 

1005 

1034 

1050 

10.34 

1050 

1061 

1067 


F. 


1199 

1188 

1199 

1221 

1210 

1221 

1210 

1221 

1221 

1221 


Time 


Temp’ature 


R. 

1.30 

1078 

2. CO 

1078 

2.30 

1078 

3.00 

lino 

330 

mi 

4.00 

ini 

4.30 

1133 

5.00 

1133 

5.30 

1122 

6.00 

1122 

1243 

1221 

1232 

1221 

1232 

1232 

1243 

1254 

1221 

1210 


Time 


Temp’ature 


6.30 
7.00 

7.30 
8.00 
830 
9.00 

9.30 
10.00 
10.45 


R. 


1149 

1133 

1144 

1177 

1182 

1188 


F. 


1243 

1265 

1276 

1287 

1320 

1298 

1309 

1188 


4  r,  C  reported  in  the  above  table  are  in  degrees  Centigrade. 

The  temperatures  r. ^urc  in  the  retort,  and  F  that  of  the  furnace. 
The  columns  lv  f?1N  a  m  was  made  after  removal  of  the  condensers; 

The  determination  a  ^  *  Qut  the  residuc  of  the  spent  charge;  that 

that  at  11 :30  a.m-  ^  -n  the  new  charge;  and  that  at  10:45  a.m.  the 

at  12  ni.  just  atu  1  thg  rcgidu0.  According  to  Doctor  Muhlhaeuser 

next  day  after  "  '  ”  aturo  nf  zinc  oxide  is  about  1000°  C.2 
the  reduction  u  l  authority  reported  determinations  of  the  temperature 
Elsewhere  the  *  f  ncar  the  middle  wall,  at  the  end  of  the  furnace 

»f‘heirru  induced,  as  follows:- 


Time 

°C. 

Time 

*C. 

Time 

°C. 

Time 

°c. 

10 

12 

2 

1122 

1045 

1150 

4 

6 

8 

1188 

1232 

1270 

10 

12 

2 

1276 

1287 

1287 

4 

6.45 

8 

1315 

1210 

990 

,  nnffpw  Them.,  XVI,  xll,  278. 

«  /,ts.  t.  angpw.  ,  f  Bng<.W-  chem.t  xVI,  xlv,  322 


*  Refer  to  tbe  discussion  on  p.  198  et  seq. 
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Saturation  of  New  Retorts.— A  new  retort  inserted  into  the  distillation 
furnace  gives  during  the  first  few  clays  almost  no  zinc  at  all.  A  part  of  the 
metal  distilled  in  it  during  this  period  appears  to  he  sucked  into  the  pores  of 
the  retort,  combining  with  the  alumina  to  form  a  spinel,  while  a  part  ap¬ 
pears  to  pass  through  the  pores  into  the  combustion  chamber.  After  the 
retort  has  been  in  the  furnace  several  days  and  has  become  partially  satu¬ 
rated  with  zinc  and  its  walls  have  acquired  a  sintered  texture,  it  begins  to 
yield  zinc,  but  it  is  still  far  from  gas  tight,  the  least  excess  of  pressure  inside 
or  outside  being  sufficient  to  force  zinc  vapor  into  the  combustion  chamber 
of  the  furnace  or  gases  of  combustion  into  the  retort.  The  danger  of  the 
gases  of  combustion,  surrounding  the  retorts,  finding  entrance  into  the  lat¬ 
ter,  when  there  is  a  minus  pressure  therein,  is  demonstrated  by  analyses 
that  have  showed  a  high  tenor  in  nitrogen  in  the  gas  issuing  from  the  re¬ 
torts,  which  of  course  could  come  only  from  the  combustion  chamber  of  the 
furnace.  Obviously  these  dangers  and  losses  depend  a  good  deal  upon  the 
porosity  of  the  retorts.  Thus,  according  to  0.  Miihlhacuser,  an  analysis  of 
an  old  Rhenish  retort  showed  only  6-42%  ZnO,  while  two  from  Kansas  and 
Illinois,  both  made  from  St.  Louis  clay,  which  yields  rather  porous  products, 
assayed  respectively  16-88%  and  19-10%  ZnO.1  This  subject  is  discussed 
further  in  Chapter  XII. 

Treatment  of  Blue  Powder.— About  5  to  10%  of  the  zinc  distilled  and 
condensed  from  a  charge  is  collected  in  the  form  of  blue  powder  (zinc 
fume,  zinc  dust,  Zinkstaub,  poussierc  de  zinc),  but  under  unfavorable  con¬ 
ditions  the  percentage  may  easily  be  higher.  An  unduly  high  percentage  of 
LI  lie  powder  indicates  bad  smelting  practice,  since  the  zinc  condensed  in  that 
form  can  as  a  general  thing  be  made  marketable  only  by  resmelting.  In 
resmelting  blue  powder  not  only  is  there  that  additional  product  to  be 
handled,  but  also  it  occupies  room  in  the  retorts  which  might  otherwise 
bo  filled  with  ore,  and  moreover  the  zinc  of  the  blue  powder  being  sub¬ 
jected  to  a  second  distillation  there  is  necessarily  a  further  loss  of  metal  to 
be  suffered.  Blue  powder  high  in  metallic  zinc  and  low  in  zinc  oxide  and 
other  impurities  is  used  in  the  arts  to  a  comparatively  small  extent,  especi¬ 
ally  in  connection  with  the  indigo  dyeing  trade,  and  some  smelters  both  in 
Belgium  and  Upper  Silesia  prepare  a  product  for  that  market,  but  if  every 
one  attempted  to  do  so  the  demand  would  ho  far  surpassed.  Tn  general 
therefore  the  zinc  smelter  is  obliged  to  rework  his  own  make  of  this  trouble¬ 
some  botween-product.  Because  of  the  film  0f  oxide  which  coats  each 

ininu  (  par  io  e  o  zinr,  it  is  difficult  to  make  the  latter  coalesce;  a  simple 
heating  does  not  suffice. 

1  Zts.  f.  anpi'w.  Ohem.,  1902,  No.  48. 
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Hontefiore  Furnace. — In  Europe  blue  powder  was  formerly  treated  for 
recovery  of  its  zinc  by 'liquating  out  the  metal  under  pressure  in  the  so- 
called  Montefiore  furnace,  examples  of  which  are  still  used  at  one  or  two 
works  in  Belgium.  That  furnace  had  two  rows  of  vertical  retorts  made  in 
the  shape  of  a  boot  open  at  the  toe.  After  the  blue  powder  was  charged  in, 
a  clay  piston  attached  to  an  iron  rod  was  inserted  into  the  leg  of  the  boot. 
Upon  heating  the  retorts  with  the  piston  pressing  on  the  charge  in  their 
interior,  the  metallic  zinc  was  melted  without  suffering  oxidation  and  flowed 
out  through  the  opening  at  the  toe  of  the  boot.  The  retorts  were  0-73  m. 
high,  0-183  m.  in  diameter  inside  and  0-235  m.  in  diameter  outside.  The 


clay  pistons  were  0-21  m.  high  and  0-17  m.  in  diameter.  The  grate  was 
1-73  m.  long  and  0-47  m.  wide.  The  flames  passed  through  a  senes  of  open¬ 
ings  0-08  m.  wide  in  the  arch  of  the  fireplace  into  the  combustion  chamber, 
which  was  2-04  m.  long,  1-05  m.  wide  and  0-73  m.  high.  The  number  of 
retorts  varied  from  eight  to  twelve.  The  charge  per  retort  was  about  20  kg. 
of  blue  powder.  The  fusion  of  the  zinc  required  about  three  hours  firing, 
after  which  pressure  was  applied  to  the  piston  and  the  liquid  metal  was 
squeezed  out. 

In  Upper  Silesia  these  furnaces  were  sometimes  attached  directly  to  the 
ore  distillation  furnaces,  when,  of  course,  the  independent  grate  was  omitted. 
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At  Corphalie,  iu  Belgium,  a  Montefiorc  furnace  reduced  from  700  to  900 
kg.  of  blue  powder  iu  12  hours  with  a  consumption  of  00  to  44  hectoliters 
of  coal  and  a  yield  of  85  to  80%  of  zinc.  Approximately  the  same  yield 
was  attained  from  blue  powder  at  the  works  at  Lipine  in  Upper  Silesia. 
The  zinc  produced  by  the  Montefiorc  furnace  was  of  poor  quality'  on  account 
of  its  tenor  of  oxide,  and  because  of  that  drawback  among  other  considera¬ 
tions  the  method  of  treating  blue  powder  in  this  manner  has  been  long  since 
abandoned,  save  at  Corphalie  and  Engis. 

Modem  Practice. — The  general  practice  nowadays  is  to  mix  the  blue 
powder  made  in  the  distillation  of  one  day’s  charge  with  the  ore  to  be 
charged  on  the  second  day  following.  The  blue  powder  is  not  mixed  with 
the  entire  charge  for  the  furnace,  but  with  only  a  part  of  it  which  is  re¬ 
served  for  that  purpose.  This  part  of  the  charge  is  then  introduced  into 
the  retorts  of  a  special  position  in  the  furnace,  usually^  those  of  the  highest 
rows  if  the  movement  of  the  gases  of  combustion  be  upward,  or  in  the 
retorts  of  the  tiers  nearest  the  chimney  end  if  the  movement  of  the  gases 
be  longitudinal  through  the  combustion  chamber.  In  either  ease  it  will  be 
observed  that  the  blue  powder  part  of  the  charge  is  put  into  the  retorts 
which  run  coolest,  because  the  blue  powder  will  distil  at  a  lower  tempera¬ 
ture  than  the  zinc  of  the  fresh  ore. 

I  t  zinc  dust  be  distilled  alone  a  spelter  of  inferior  quality  is  produced, 
which  must  either  be  mixed  with  spelter  of  better  grade  by  remelting  or 
marketed  at  a  discount.  On  this  account  the  practice  of  distilling  blue 
powder  by  itself  has  been  abandoned.  Some  of  the  results  that  were  for¬ 
merly  attained  in  such  a  distillation  are,  however,  interesting  and  instruct- 

7„e'0  A*  the  works  of  the  Nouvelle  Montagne  Co.  at  Engis,  in  Belgium, 
43,800  kg.  of  blue  powder  assaying  81%  Zn  was  distilled  in  a  38-day  cam¬ 
paign,  yielding  33,720  kg.  of  spelter  for  a  consumption  of  912  hectoliters  of 
heating  coal  arid  152  hectoliters  of  reduction  coal.  The  recovery  of  zinc 
was  about  95%  of  the  original  contents  of  the  blue  powder.  The  loss  of 
-%  must  have  been  almost  entirely  by  failure  to  condense  the  volatilized 
metal,  since  under  the  conditions  of  blue  powder  distillation  but  very  little 

iTooTfnf  hi  !n  the;?idUe-  The  charge  of  the  furnace  was 

uoo  kg.  of  blue  powder  and  four  hectoliters  of  coal.  Before  char«nn*  the 

furnace  was  cooled  down  to  dull  red  heat  and  the  dictnw  %  i 

nt  o  w  •  ,  r’  an(1  the  dlstdlation  was  performed 

at  a  low  temperature  in  order  to  prevent  the  charge  from  becoming  pastv, 
which  happens  when  the  temperature  is  too  hi<di  Thn  ™  i  i  ‘ 

tapped  sc,  on  times  per  24  hours  >  8  ^  C0I,aci‘sc<1 

Composition  of  Bins  IWer.-Thc  Hue  powder  produced  in  distillation 

Massarl,  Revue  rnlverselle  dos  Minos,  XXX.  201. 
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consists  of  exceedingly  minute  particles  of  zinc,  each  one  apparently  cov¬ 
ered  by  a  thin  coating  of  zinc  oxide.  .It  is  because  of  that  coating  of  oxide 
that  the  powder  cannot  he  converted  into  spelter  by  a  simple  melting.  All 
attempts  in  that  direction  have  led  to  a  very  impure  zinc  or  a  great  loss  of 
zinc.  The  blue  powder  which  is  collected  in  prolongs  is  of  much  higher 
tenor  in  zinc  than  the  oxidized  skimmings  which  are  collected  and  referred 
to  as  “blue  powder”  at  American  smelteries,  wherein  prolongs  are  rarely 
used.  Ad.  Firket  has  reported  the  following  analyses  of  blue  powder  pro¬ 
duced  in  1898  at  several  Belgian  works,  which  are  of  special  importance 
inasmuch  as  the  composition  of  the  ore  distilled  is  also  given.1 
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c  Metallic  zinc. 


zinc.  85-34%;  ZnO. 

85-34%;  ZnO,  7  04%. 

In  c  uantity  the  blue  powder  ranged  from  2  to  6%  of  the  weight  of  the 
It  reduced.  In  the  case  of  the  two  columns  headed  I  the  ore  analyses 
Cr.Pf  the  identical  charges  from  which  the  blue  powder  was  obtained; 
r<  Pthe  other  cases  the  ore  analyses  are  the  average  charge  of  a  year.  In 
m  l  it  may  be  considered  that  the  blue  powder  produced  in  Belgium 
84*5 %  metallic  zinc  and  7-5%  zinc  as  ZnO  (92%  total  zinc)  : 
lY^Pb*  0-8%  Cd;  0-04%  arsenic  and  antimony  and  3-2%  carbon,  iron  and 

other  substances.2 

Some  analyses  of  Silesian  zinc  dust  are  given  by  Doctor  Victor  Steger  as 

follows :  * 

i  Annales  des  Mines  de  Belgique.  1901.  VI.  I.  ’Firket.  loc.  clt. 

*  Samnilunp  oliemlBcbcr  und  chemlseh-technlselier  Vortrllge,  1800,  I,  II,  80. 
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1 

I 

% 

II 

% 

III 

% 

IV 

% 

Zinc . . 

Zinc  oxide . 

Cadmium  oxide . 

Lead . 

Ferric  oxide . . . . 

Lime . 

Magnesia . 

Insol.  residue . 

Total . 

84*403 

4*888 

2054 

4*276 

0*903 

2*464 

0*239 

0*120 

88*60 

7*40 

1*84 

2*02 

0*06 

90*70 

3*90 

1-83 

2*93 

0*10 

86*60 

7*70 

1*62 

3*55 

0*09 

0*35 

100*007 

99*82 

99*46 

99*91 

Other  Between-Producis. — Besides  the  blue  powder  proper  there  are 
obtained  in  zinc  distillation  various  other  between-products  rich  in  zinc, 
which  have  to  be  reworked.  These  comprise  condenser  scrapings,  i.e.,  the 
crusts  of  blue  powder  and  oxide  which  accumulate  in  the  condensers  and 
are  scraped  out  when  the  latter  are  taken  down  during  the  maneuver; 
skimmings  of  blue  powder  and  oxide  from  the  kettles  into  which  the  spelter 
is  drawn  from  the  condensers;  sweepings  from  the  floor  of  the  furnace 
house,  in  which  there  is  likely  to  be  numerous  pellets  of  metal  splashed  over 
during  the  handling  of  the  molten  spelter,  leaked  from  condensers,  etc.; 
partially  distilled  ore  removed  from  broken  retorts;  and  rich  residuum  re¬ 
served  from  the  front  ends  of  the  retorts  after  the  distillation  is  completed. 
The  aggregate  quantity  of  these  between-products  is  very  considerable.  In 
Kansas  smelteries,  where  the  blue  powder  proper  is  not  kept  separately  but 
is  put  in  with  the  other  material,  the  combined  weight  of  all  is  sometimes 
as  much  as  40%  of  the  weight  of  the  ore  charged,  i.e.,  in  smelting  10  tons 
of  new  ore  there  will  be  perhaps  four  tons  of  material  assaying  35  to  45% 
Zn  to  be  returned  with  it  into  the  furnace. 

Besides  their  own  between-products  Eastern  and  European  smelters  re¬ 
ceive  considerable  supplies  of  zinkiferous  waste  products  from  the  process  of 
galvanizing  iron. 

Length  of  Iurnace  Campaigns. — The  length  of  the  campaign  of  which 
a  distillation  furnace  is  capable  depends  upon  the  construction  of  the  fur¬ 
nace  and  the  conditions  under  which  it  is  operated.  It  is  of  course  obvious 
that  a  furnace  which  is  driven  hard,  i.e.,  at  a  high  temperature,  in  order  to 
improve  the  extraction  of  metal,  cannot  he  expected  to  last  so  long  as  a  fur¬ 
nace  which  is  heated  more  moderately.  It  is  equally  obvious  that  the  more 
substantially  a  furnace  be  built  and  the  better  the  class  of  the  fire  brick, 
etc.,  employed  in  its  construction  the  greater  will  he  its  durability.  In 
recent  years  the  tendency  in  Europe  has  been  toward  more  substantial  con¬ 
struction,  and  in  Belgium  nowadays  a  furnace  is  expected  to  stand  a  cam- 
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paign  of  t  wo  to  three  years,  and  even  more,  whereas  formerly  but  little  more 
than  half  that  time  could  be  hoped  for.  In  the  early  days  (1844)  of  the 
zinc  industry  in  Belgium  only  two  months’  regular  operation  of  a  furnace 
was  possible.1  The  Silesian  furnaces  last  longer  than  the  Belgian,  their 
average  life  being  from  three  to  four  years.  At  the  Hohenlohehiitte  it  is 
claimed  that  the  average  is  longer;  at  the  Wilheminehiitte  in  May,  1893, 
there  was  one  furnace  in  course  of  reconstruction  which  was  said  to  have 
been  in  operation  for  six  years. 

As  has  been  remarked  elsewhere,  it  is  the  practice  in  Belgium  to  drive 
the  distillation  furnaces  harder  than  in  the  United  States,  wherefore  the 
results  obtained  as  to  the  life  of  the  furnaces  in  the  two  countries  cannot  be 
properly  compared.  As  a  general  thing,  moreover,  the  direct  fired  furnaces 
of  the  Belgian  type  in  use  in  Missouri  and  Kansas  are  much  inferior  in 
construction  to  those  which  are  employed  in  Belgium.  The  average  length 
of  furnace  campaign  with  the  direct  fired  furnaces  of  Kansas  and  Missouri 
is  about  two  years.  The  records  of  a  number  of  works  in  that  district  from 
1S9G  to  1899  showed  the  following  results: 


Furnace 

Months 

Furnace 

Months 

Works  A — 

No.  1 

2 

25 

22 

Works  D — 

No.  1 

2 

3 

22 

21 

16 

Average  23 £ 

4 

35 

Average  23$ 

20 

Works  E — 

No.  1 

32 

Works  B— 

No.  1 

2 

30 

2 

20 

3 

25 

3 

33 

4 

23 

O'! 

Average  26$ 

5 

0 

Jo 

19 

7 

32 

8 

14 

9 

26 

Works  C— 

No.  1 

2 

3 

33 

39 

10 

11 

26 

34 

31 

12 

34 

Average  34$ 

Average  26$ 

- - - - - - - 

In  computing  the  above  averages  the  short  campaigns  made  by  certain 
furnaces  when  "it  was  necessary  to  put  them  out  of  operation  because  of 
„  inarket  conditions  have  been  of  course  omitted.  The  condition 
of  the  zinc  industry  in  Missouri  and  Kansas  during  the  decade  1890-1900 
guck  ti,at  furnaces  would  be  put  into  operation  in  great  numbers  when 
the  demand  for  spelter  was  strong  and  the  price  rising;  operations  being 
suspended  immediately  upon  a  diminution  of  demand  and  a  declining  mar- 
i  Bulletin  de  la  SoelStd  de  l’lndustrio  Mln^rale,  1888,  p.  505. 
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kct.  This  practice  was  the  natural  result  of  a  great  surplus  in  the  smelting 
capacity  as  compared  with  the  demand  lor  spelter  for  consumption.  In 
putting  furnaces  out  of  operation  ol  course  it  would  he  naturally  those  in 
the  poorest  condition,  and  giving  consequently  the  poorest  results,  of  which 
the  fires  would  be  drawn.  Consequently  the  averages  given  above  are  un¬ 
doubtedly  those  of  the  best  furnaces  by  a  process  of  natural  selection. 

Relining. — Whenever  the  fire  is  drawn  from  a  distillation  furnace  in  all 
probability  that  furnace  will  he  rclined  before  putting  it  into  operation 
again,  even  if  still  in  a  fairly  good  condition.  The  extent  of  the  repairs  and 
renewals  which  will  be  required,  however,  will  naturally  depend  upon  the  con¬ 
dition  of  the  furnace,  and  will  be  greater  after  a  long  campaign  than  after  a 
short  one.  If  the  fire  be  drawn  from  a  furnace  and  the  latter  be  permitted  to 
become  cold  it  is  not  attempted  to  heat  up  the  old  retorts  remaining  therein, 
although  they  may  have  been  in  good  working  condition  before  the  fire  was 
drawn.  For  that  reason  it  is  frequently  the  practice  to  keep  a  furnace 
under  “dead  fire”  when  it  is  desirable  to  discontinue  production  for  only  a 
brief  period.  In  “dead  firing”  only  enough  coal  will  be  burned  on  the 
grates  to  maintain  the  temperature  of  the  retorts  at  a  faint  red,  or  even 
less.  Dead  firing  becomes  very  expensive,  however,  for  any  but  a  very  brief 
period,  wherefore  if  the  suspension  of  operation  is  likely  to  be  long  it  is 
preferable  to  draw  the  fires  completely.  In  the  natural  gas  fields,  on  the 
other  hand,  where  the  fuel  costs  comparatively  little,  furnaces  are  sometimes 
kept  under  dead  fire  for  considerable  periods. 

The  natural  gas  fired  distillation  furnaces  of  Iola.  Kan.,  and  elsewhere 
have  not  yet  been  in  use  sufficiently  long  to  enable  accurate  conclusions  to 
be  drawn  as  to  their  life  and  the  cost  of  repairs  and  renewals.  The  indica¬ 
tions  are,  however,  that  the  more  recent  and  better  constructed  furnaces  will 
hold  out  for  campaigns  approaching  three  years  in  duration.  Some  of  the 
earlier  furnaces  were  very  poorly  built  and  lasted  only  one  year.  The  new 
furnaces  arc  not  only  better  constructed  than  their  predecessors,  but  also 
are  better  than  the  old  direct  fired  furnaces,  while  the  present  practice  is  also 
superior  to  the  old.  ITencc  the  longer  furnace  life  which  is  to  be  expected. 

Tools  Beqx  tiied.  The  outfit  of  the  principal  tools  required  for  a  224- 
retort  direct  fired  Belgian  distillation  furnace  is  as  follows:  Four  scoop 
shovels;  four  charge  scoops;  four  fire  bars;  four  rabbles;  four  spiesses;  two 
stampers;  four  large  retort  rabbles;  four  small  rabbles;  two  ladles;  four 
condenser  stands;  10  condenser  scratehers;  10  molds;  two  wire  brooms;  two 
straw  brooms;  two  tongs;  two  bent  bars  for  carrying  hot  retorts;  two 
straight  bars  for  inserting  retorts. 
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LOSSES  IN  DISTILLATION. 

The  loss  of  metal  in  distilling  zinc  ore  varies  greatly  according  to  the  char¬ 
acter  of  the  ore  and  the  conditions  of  practice.  It  is  seldom  less  than  10%, 
and  frequently  is  more  than  25%. 1  The  loss  in  zinc  distillation  is  incurred 
in  many  ways,  which  in  relative  importance  may  be  quite  different  in  various 
smelteries.  These  losses  are  classified  as  follows:  (1)  zinc  which  escapes  vol¬ 
atilization  ;  (2)  zinc  which  escapes  condensation.  The  loss  suffered  in  thefirst 
way  is  incurred  in  the  residues  which  remain  in  the  retorts  after  the  distilla¬ 
tion  of  a  charge  is  completed,  those  residues  containing  always  a  more  or  less 
percentage  of  zinc;  the  losses  which  are  suffered  in  the  second  way  are  due  to 
(a)  absorption  of  zinc  by  the  walls  of  the  retort ;  (6)  filtration  of  zinc  vapor 
through  the  walls  of  the  retorts  into  the  combustion  chamber  of  the  furnace; 
(c)  escape  of  zinc  vapor  into  the  combustion  chamber  through  cracks  in 
retorts;  (d)  escape  of  non-condensed  vapor  from  the  retort  upon  removal  of 
the  condenser  at  the  end  of  the  distillation;  (c)  escape  of  non-condensed 
zinc  from  the  condensers.  The  proportion  of  loss  which  is  experienced  by 
non-volatilization  and  non-condensation  varies  considerably  in  different 
works.  If  it  were  desirable  to  make  a  general  statement,  it  might  be  said 
that  the  loss  by  non-volatilization  and  that  by  non-condensation  are  likely 
to  be  each  approximately  50%  of  the  total  loss;  in  other  words  about  equal 
in  amount. 

Loss  ok  Zinc  by  Non -Volatilization. — The  residues,  or  ashes,  dis¬ 
charged  from  the  retorts  always  contain  zinc,  the  percentage  varying  from 
2  to  10  or  more.  In  referring  to  such  percentages,  it  must  be  borne  in 
jnind  that  the  weight  of  the  residues  is  greater  than  what  is  due  to  the  ore 
alone,  since  they  contain  a  considerable  quantity  of  ash  derived  from  the 
reduction  coal,  besides  much  unconsumcd  coal.  Inasmuch  as  the  weight  of 
the  residues  is  so  largely  a  factor  of  the  grade  of  the  ore  and  the  percentage 

t  loss  In  distillation  is  sometimes  referred  tained  in  the  ore.  Tn  this  treatise  losses  are 
to  in  terms  of  the  ore;  thus  an  ore  assay-  referred  to  uniformly  in  terms  of  the  orig¬ 
ins  .r>0%  7n  being  Inal  zinc  contents  of  t.he  ore  subjected  to 

lost,  v  hich  Is  a  loss  of  10%  of  the  metal  con-  distillation. 
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of  reduction  coal  used  in  the  charge,  and  the  percentage  of  that  coal  which 
is  burned,  the  bare  statement  of  the  assay  in  zinc  of  any  retort  residue  is 
of  little  significance. 

The  reason  why  all  the  zinc  in  the  ore  is  rot  expelled  during  distillation 
is  twofold : 

A  certain  portion  of  the  zinc  of  the  ore  charged  into  the  retorts  is  in  com¬ 
bination  with  sulphur,  either  as  sulphide  or  sulphate,  in  which  form  it  is 
not  capable  of  reduction  by  carbon  and  volatilization.  The  presence  of 
sulphur  in  the  ore  at  this  stage  maybe  due  to  imperfect  roasting  or  perhaps 
to  some  chemical  characteristic  of  the  ore  which  makes  it  impossible  to  drive 
off  all  the  sulphur  by  roasting.  Thus  if  an  ore  contain  magnesia  there  is 
likely  to  be  formed  during  roasting  a  certain  percentage  of  magnesium 
sulphate,  which  may  escape  complete  desulphurization.  When  such  an  ore 
is  subjected  to  distillation,  the  magnesium  sulphate  is  decomposed  with 
evolution  of  sulphurous  anhydride,  which  tends  to  form  zinc  sulphide, 
leading  to  a  loss  of  zinc.  The  reactions  which  take  place  in  the  retort  are 
probably  exceedingly  complicated  ;  they  have  been  described  so  far  as  known 
in  a  previous  chapter,  to  which  reference  should  be  made.  Whatever  be  the 
nature  of  those  reactions,  however,  experience  has  demonstrated  that  for 
every  unit  of  sulphur  (save  that  existing  as  calcium  sulphate  and  analogous 
compounds)  contained  in  the  ore  which  is  charged  into  the  retorts,  there 
will  be  about  two  units  of  zinc  held  back  in  the  residues. 

This  is  an  old  rule  and  a  safe  one.  It  is  a  fact,  however,  that  many 
retort  residues  show  less  zinc  held  back  than  the  sulphur  content  of  the 
charge  would  call  for,  and  there  are  strong  grounds  for  the  theories  as  to 
the  decomposition  of  zinc  sulphide  in  the  retort,  which  have  been  referred  to 
in  a  previous  chapter  (vide  p.  207). 

Besides  the  loss  of  zinc  entailed  by  the  presence  of  sulphur,  there  is  likely 
t°  be  a  considerable  loss  of  zinc  in  the  form  of  oxide,  which  is  due  to  in¬ 
sufficient  heat  in  some  parts  of  the  furnace  and  perhaps  a  lessening  of  the 
activity  of  reduction,  as  the  quantity  of  zinc  oxide  remaining  becomes  com¬ 
paratively  small.  Professor  Prost  found  in  the  investigation  of  a  Belgian 
retort  residue  assaying  4-70%  Zn  that  only  about  half  of  the  zinc,  specific¬ 
ally  2*36%,  was  in  the  form  of  sulphide. 

Irregularity  in  Zinc  Contents  of  Hesidmtm. — The  zinc  contents  of  the 
retort  residues  vary  greatly,  not  only  in  the  retorts  placed  in  different  parts 
of  t be  furnace,  but  also  in  different  parts  of  each  retort.  The  ashes  from 
ihe  retorts  in  the  cooler  parts  of  the  furnace  always  assay  higher  than  those 
in  I  he  hotter  parts,  while  with  respect  to  any  particular  retort,  the  ashes 
at  the  front  end  are  richer  than  those  at  the  rear  end.  Because  of  the  former 
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observation,  it  is  universally  the  practice  to  charge  the  upper  rows  of  retorts 
of  an  ordinary  Belgian  furnace,  or  the  retorts  nearest  the  chimney  of  a 
furnace  which  is  fired  from  end  to  end,  with  a  more  easily  reducible  charge 
than  is  put  into  the  other  retorts  of  the  furnace;  because  of  the  latter 
observation  it  is  frequently  the  practice  to  collect  and  save  the  ashes  from 
the  front  ends  of  the  retorts,  when  the  condensers  are  removed,  and  subject 
them  to  a  redistillation.  The  retort  residues  which  may  assay  as  low  as 
1-00  to  1-75  Zn  in  the  inner  end  of  the  retorts  and  only  2  to  2*5%  in  the 
middle,  may  assay  as  high  as  3  to  18%  in  the  first  6  in.  of  the  outer  end. 

From  the  foregoing  remarks  it  will  be  obvious  that  the  sampling  of  the 
ashes  of  the  distilled  charge  of  ore  is  no  easy  matter.  It  is  not  sufficient 
to  reserve  ashes  of  any  particular  row  of  retorts,  or  any  number  of  retorts 
selected  systematically  or  at  random,  to  determine  the  percentage  of  zinc 
which  is  contained  in  them.  The  only  way  by  w'hich  the  zinc  tenor  of  the 
ashes  can  be  determined  accurately  is  to  collect  the  entire  quantity  dis¬ 
charged  from  the  retorts  corresponding  to  a  particular  charge  and  cut  them 
down  by  quartering  or  fractional  selection  in  the  regulation  manner,  a 
rather  laborious  piece  of  work,  for  which  few  zinc  smelters  in  the  United 
States  at  least  are  properly  equipped,  and  consequently  is  seldom  done.  Be¬ 
cause  it  is  so  seldom  done,  statements  as  to  the  zinc  tenor  of  the  residues 

must  be  taken  with  a  good  deal  of  caution.  .  #  . 

The  difference  in  the  tenor  of  the  residues  remaining  in  the  retorts  ot 
various  positions  in  the  furnace  is  illustrated  in  the  experience  of  the  smelt- 
erv  of  the  Societe  Anonyme  de  la  Nouvelle  Montagne  at  Engis,  Be  gium,  as 
reported  bv  Massart.1  At  those  works  there  were  used  direct  fired  Liege 
furnaces  with  70  retorts  and  direct  fired  double  furnaces  with  92  retorts, 
the  latter  having  40  retorts  per  side  arranged  in  six  rows.  The  Liege  fur¬ 
naces  were  1-5  m.  deep,  2-G  m.  wide  and  3  m.  high.  The  retorts  were  1  m. 
L;  04  cm.  in  diameter  outside  and  19  cm.  inside.  The  daily  charge  was 
mo  kg  of  ore  assaying  47  to  48%  Zn,  mixed  with  700  kg.  of  reduction 
The  consumption  of  heating  coal  was  2000  kg.  The  output  of 
Tnolter  was  from  470  to  480  kg.,  the  loss  of  zinc  being  18%.  The  residues 
‘  .  ..  vincr  niore  than  6%  Zn  were  enriched  by  jigging  and  the  concentrate 
"bt  lined  from  them  was  charged  into  the  upper  retorts  of  the  distillation 
f  imace,  or  were  worked  for  zinc  white  in  reverberatory  furnaces. 

'  The  double  furnace  with  92  retorts  received  a  day  charge  of  400  kg.  of 
t  e  (calamine  and  blende)  assaying  40-32%,  together  with  72  kg.  of  blue 
,,wder  and  scrapings,  and  100  kg.  of  reduction  coal.  On  the  night  shift 
(lie  furnace,  then  working  hotter,  was  charged  with  500  kg.  of  ore.  The 
1  Revue  Unlverselle  des  Mines,  1871,  XXIX,  313. 
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retorts  were  loaded  as  follows :  Lowest  row,  11  kg.  of  ore  and  3  kg.  of  coal ; 
fourth  row,  7-6  kg.  of  ore,  3  kg.  of  blue  powder,  etc.,  and  3-6  kg.  of  coal; 
sixth  row,  5  kg.  of  ore,  5  kg.  of  blue  powder,  etc.,  and  5  kg.  of  coal.  The 
charging  of  the  retorts  required  3%  hours.  The  residues  from  the  upper 
retorts  contained  on  the  average  9-15%  Zn,  those  of  the  middle  rows 
4-67%  Zn.  and  those  of  the  lower  rows,  2*28%.  The  loss  of  zinc  was 
11-2S%.  The  retorts  in  the  topmost  row  lasted  90  days;  in  the  lowest  row 
only  six  days.  The  length  of  furnace  campaign  was  from  150  to  180 
days.  These  results  were  obtained  in  the  60s.  The  short  life  of  the 
retorts  and  the  furnaces  is  very  striking,  but  the  percentage  of  zinc  recovered 
indicates  good  work. 

Degree  of  Distillation  Governed  by  Economical  Considerations  — In  a 
subsequent  chapter  wherein  the  effect  of  a  varying  grade  of  ore  upon  the 
cost  of  smelting  is  discussed,  it  is  pointed  out  how  the  loss  of  metal  in¬ 
creases  as  the  grade  of  the  ore  decreases,  which  rule  follows  from  the  facts 
that  the  desulphurization  cannot  be  carried  below  a  certain  point,  irrespect¬ 
ively  of  the  quantity  of  sulphur  originally  present  in  the  ore,  whence  the 
loss  of  zinc  in  the  residues  remaining  the  same  for  a  low  grade  ore  as  for  a 
high  grade  ore  and  the  loss  by  non-condensation  remaining  also  practically 
the  same,  the  percentage  of  loss  is  obviously  greater  with  reference  to  the 
low  grade  ore  than  with  reference  to  the  high  grade  ore.  Aside  from  that 
loss,  the  degree  of  loss  which  will  be  suffered  by  non-volatilization  is  deter¬ 
mined  largely  by  economical  considerations;  that  is  to  say,  there  will  be 
found  a  certain  minimum  to  which  the  zinc  can  be  profitably  reduced  in  24 
hours’  distillation.  In  order  to  expel  an  additional  percentage  of  zinc  there 
will  be  required  a  disproportionate  expenditure  of  coal,  or  an  increase  in  the 
time.  Some  ores  can  be  distilled  more  quickly  and  more  completely  than 
others  owing  to  their  peculiar  chemical  composition  or  physical  condition, 
but  the  extent  to  which  it  is  profitable  to  carry  the  distillation  is  governed 
always  by  the  cost  of  the  process  and  value  of  the  product. 

In  Upper  Silesia,  where  the  ores  distilled  have  about  20  to  25%  Zn, 
the  retort  residues  should  not  assay  much  over  3%  with  good  work,  though 
they  often  go  higher.  It  is  feasible  to  make  them  lower  than  3%,  but 
unless  the  price  of  zinc  be  very  high,  it  is  unprofitable  to  do  so,  because 
beyond  that  point  an  extra  recovery  is  attainable  only  by  maintaining  a 
higher  temperature  in  the  furnace,  or  by  increasing  the  proportion  of  re¬ 
duction  material,  or  bv  charging  the  retorts  more  lightlv,  or  by  all  those 
factors  combined  and  the  additional  zinc  recovered  is  found  to  cost  more 
than  it  is  worth.  Obviously  the  extent  to  which  it  is  profitable  to  sweat 
out  the  last  of  the  zinc  in  a  charge  is  governed  considerably  by  the  market 
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price  of  the  metal.  At  the  Hohenlohehiitte  in  distilling  an  ore  which  aver¬ 
ages  20%  Zn,  of  which  75%  is  recovered,  the  residues  assay  3  to  5%  Zn. 
A  sample  assaying  5%  Zn  contained  also  5-48%  S,  of  which  1* *1%  was  in 
the  form  of  C’aS04,  and  the  remainder  as  sulphides.  In  Belgium,  Rhenish 
Prussia  and  Westphalia,  where  a  higher  grade  of  ore  is  distilled  than  in 
Upper  Silesia,  the  ashes  may  assay  4  or  5%  Zn  and  the  work  is  considered 
well  done. 

Ad.  Firket,  in  the  paper  which  has  been  quoted  frequently  in  previous 
sections  of  this  treatise,  gives  the  following  average  analyses  of  retort 
residues  produced  by  Belgian  works  in  1898,  the  designating  letters  corre¬ 
sponding  to  those  in  the  table  of  average  charges  which  will  be  found  on 
p.  502,  Chapter  XI. 


Works 
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% 

B 

% 

c 

% 

Zn . 

4*00 

2*50 

3  to  7 

Ph . 

5*00 

8*50 

1*26 

Fe . 

16*55 

14*50 

7 

Ag . 

0*016 

7 

7 

Cu . 

0*05 

7 

7 

Od . 

nil 

? 

7 

As . 

nil 

7 

7 

Sb . 

nil 

7 

7 

s . 

7 

4*00 

7 

CaO.  ... 
MgO.  ..  . 
SiO, . 
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? 

9  to  12 
15*65 
0*017 
7 
? 

7 

7 

7 

7*10 

1*20 

Ul*60 


2*GO 
2  13 
1572 


0.62 
4.00 
2.16 
34.30 
30.02 
2. GO 


3*94 
11-60 
11  19 
0*035 
0*19 


0*25 
1*72 
1  33 
0*73 
32  23 
30*40 
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0*01 
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8*00 
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3.40 
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7 
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a  I 

% 


4*20 
9  50 

7 

0*085 

7 
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7 

3  50 

7 

7 

7 

7 

7 


a  Residuum  from  different  mixtures  of  ore. 


Virkct  considers  that  the  average  of  the  residues  drawn  from  the  retorts 
in  Belgium  in  1898  would  assay  1-14%  Zn,  5-55%  rb  and  0-0209%  Ag. 
The  weight  of  the  residuum  varies  between  05  and  70%  of  the  ore  charged, 

•  _  the "ore  proper  plus  the  between-products  mixed  with  it.  A  charge  of 
ono  W  composed  of  460  kg.  of  roasted  blende.  410  kg.  of  calcined  cala- 
.,nd  130  k<r.  of  skiinmings,  condenser  scrapings  and  refuse  from  the 
ml,n.en‘  of  blue  powder,  of  which  the  tenor  varied  between  40  and  50%  Zn, 
r  ,17%  Pb,  0-004  and  0-005 %  Ag,  15  and  18%  Fe  and  1  and  1-5%  S, 
6  an<(i-  tilled  at  a  certain  Belgian  works  after  admixture  with  400  kg.  of 
'vaS  ‘  i  assaying  9%  ash.  8-5%  volatile  matter  and  82-5%  fixed  carbon. 
Th"  residuum  weighed  680  kg.  It  contained  4%  ZnS,  0-09%  ZnS04, 
10%  metallic  lead,  0-006%  Ag  (carried  by  the  lead),  1-91%  PbO,  traces 
f  PbS  5-69%  metallic  iron  (more  or  less  carbureted),  2-48%  FeS, 
°[  ~7%’ oxides  of  iron  (FeO,  Fe:i04  and  Fo,0:t)  and  18-07%  of  carbon. 
!  Lides  silica,  alumina,  lime  and  magnesia.  The  ferrous  oxide,  lead  oxide 
and  the  earthy  bases  were  combined  with  silica  as  silicates.  A  remarkable 
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feature  of  this  interesting  analysis  is  the  absence  of  ZnO,  more  or  less  of 
which  usually  escapes  reduction. 

In  the  United  States  where  the  ore  regularly  distilled  assays  from  GO  to 
70%  Zn,  there  are  few  works  which  make  residues  assaying  lower  than  7% 
Zn.  With  such  ore  in  Kansas  and  Missouri  the  residues  from  the  direct 
fired  furnaces  used  to  assay  G  to  18%  Zn,  averaging  perhaps  about  10  to 
12%.x  A  charge  composed  of  70%  roasted  blende  and  30%  raw  calamine 
(hemimorphite),  the  mixture  averaging  58*03%  zinc  and  1*036%  S,  dis¬ 
tilled  with  2275  lb.  of  coal  and  coke  (45*5%  of  the  ore)  which  itself  con¬ 
tained  1*9%  S,  produced  2335  lb.  of  residue  assaying  7*12%  Zn.  The 
residue  retained  therefore  1G6*25  lb.  of  zinc,  or  5*73%  of  the  zinc  in  the 
ore  charged.  This  was  quite  satisfactory  work,  especially  in  view  of  the 
fact  that  the  ore  and  coal  together  contained  95*03  II).  of  sulphur,  which 
should  have  theoretically  held  back  194*22  lb.  of  zinc.  At  the  Lehigh  Zinc 
Works,  at  South  Bethlehem,  Penn.,  in  1894,  the  retort  residues  from  the  dis¬ 
tillation  of  an  ore  averaging  48  to  50%  Zn  assayed  6  to  7%  Zn.  In  con¬ 
sidering  the  assay  of  retort  residues,  it  should  be  borne  in  mind  that  7%  Zn 
in  the  residues  from  a  70%  ore  indicate  a  much  smaller  loss  than  7%  Zn 
in  the  residues  of  a  50%  ore,  because  in  the  latter  case  the  weight  of  the 
residues  from  a  ton  of  ore  is  considerably  greater  than  in  the  former  case. 

Scorification  of  Zinc  Oxide. — A  very  small  part  of  the  zinc  which  is  lost 
in  the  retort  residues  is  due  to  scorfieation  of  zinc  oxide,  which  is  taken  into 
the  slag  formed  by  the  fusible  components  of  the  gangue  and  coal  ashes, 
notwithstanding  the  fact  that  zinc  silicate  is  reducible  by  carbon.  How¬ 
ever,  the  percentage  of  zinc  in  such  slags  appears  to  be  small,  and  there  is 
reason  to  believe  that  part  of  it  exists  in  the  form  of  undecomposed  sulphide 
entrained  by  the  slag.  The  composition  of  a  zinc  retort  slag  is  shown  by 
the  following  analysis,  for  which  I  am  indebted  to  Air.  Otto  Rissmann, 
manager  of  the  Cherokee-Lanyon  Spelter  Co. :  Si02,  64*92%  ;  FeO,  9*93% 
(Fe,  7*72%);  A1203,  10*08%;  CaO,  G*17% ;  MgO,  1*84%;  Zn,  2*40%: 
S,  0*91%  ;  Na,0,  3*44%.  Mr.  Rissmann  calculates  all  the  sulphur  as  being 
combined  with  zinc,  giving  2*70%  ZnS  and  leaving  zinc  enough  to  make 
only  0*68%  ZnO,  on  which  basis  the  total  of  the  analysis  foots  up  to  99*82%. 
The  sample  assayed  was  slag  from  an  old  retort  at  a  works  at  Pittsburg, 
Kan.,  in  which  a  mixture  of  Joplin  blende  and  silicate  had  been  smelted. 
The  presence  of  soda  in  the  slag  was  attributed  partly  to  the  use  of  a  salt 
glaze  inside  the  retorts.  Mr.  Rissmann  reports  other  analyses  showing  less 
iron  (4*50  to  6*25%)  and  more  zine  (3  to  7*t2%). 

The  analysis  quoted  above  indicates  that  with  an  ore  of  which  the  gangue 

1  Since  1900  the  gas  smelters  have  succeeded  in  obtaining  a  better  extraction. 
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is  very  silicious  and  low  in  iron,  as  is  the  case  with  the  Joplin  ore,  the  slag 
that  will  be  formed  is  too  silicious  and  non-ferruginous  to  absorb  much 
zinc  oxide,  and  although  with  retorts  which  are  made  of  a  batch  containing 
free  bases  (after  burning)  there  may  be  corrosion  of  their  walls,  with  retorts 
of  a  silicious  character  the  corrosion  from  such  a  slag  would  not  be  of  any 

great  consequence.  .  ,  _ 

Recovery  of  Values  fro^Betort  Residues.- It  has  been  proposed  to  con¬ 
centrate  mechanically  the  residues  from  the  retorts  to  recover  part  of  the 
zinc  contained  therein,  chiefly  in  the  form  of  undecomposed  sulphide  It 
would  appear  to  be  an  easy  matter  to  make  a  high  grade  concentrate  from 
Sui  Lying  5  „r  0%  Zn,  especially  in  view  of  the  fart  that  crude  zinc 
“flower  grade  are  dressed  very  profitably.  Owing  to  the  physical  eon- 
dition  of  the  retort  residues,  however,  the  particles  of  the  ore  being  »«»'>_ 
to  pieces  of  slag  or  part  ially  gta “m  unking. 
fZ  l^LT^raretingthu;  treated  anywhere  in  the 

world  at  the  present  time  for  the  zoeovery  of  dveir  rmc  an4 

It  is,  however,  the  prae.ee  at  ores  are 

elsewhere  in  Europe,  ^  u  C  i  fi  an(i  occasionally  for  iron, 

smelted,  to  concentrate  the  reseluc^  ^  ^  jigged,  the  iron  being 

The  residues  are  crushed  and  «rccn«U  «*« I  ^  ^ 

perhaps  removed  by  magne  ic  sep<  STnelted  with  other  ores  in  blast 

furnaces.  1  ,  ^  of  whiph  the  analyses  have  been  given  in  a 

ptvbius  section  of  this  treatise,  the  reference  letters  being  the  same  in 
each  case . 
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M^riJrnrchanical  concentration  has  been  attractive  because  of  the 
,Cli?Tof  regaining  not  only  the  lead  and  the  nudist, lied  zme  com- 
,Wf  imt  also  the  large  quantity  of  .inhumed  coal  winch  exists  in  the 
course  onlv  that  part  of  the  coal  charged  into  the  retorts  is 
r  iTl  which  ran  obtain  oxygen  from  the  ore-not  a  large  percentage 
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of  the  whole.  Doctor  Steger  made  recently  a  careful  investigation  of  this 
question  in  Upper  Silesia.  He  made  two  distillation  tests  with  the  follow¬ 
ing  results: 


Number  of 
Test 

Roasted 
Blende  Under 
2  mm.  Size 

White 

Calamine 

(a) 

Red  DolomiticJ 

Calamine 

(*) 

Reduction  Coal 

Loss 

of 

Zinc 

Zin'? 

Tenor 

of 

Am’t 

Zinc 

Tenor 

Ain't 

Zinc 

Tenor 

Am'fc 

Zinc 

Tenor 

of 

Cliarge 

Coke 

4-30  inm. 

Coal 

1-16  mui 

Total 

DiS  il¬ 
lation 

Resi 

dues 

I  . 

II  . 

% 

29' 1 
210 

% 

340 

34*0 

% 

23*6 

26*3 

% 

140 

140 

62*7 

% 

95 

9  5 

% 

16-29 

15*41 

% 

2H-4 

26*0 

% 

17*7 

12*2 

% 

46*1 

38*2 

% 

29  49 
28*06 

% 

|  3*20 

4*12 

a  The  calamine  was  dried,  hut  not  calcined. 


Six  analyses  of  muffle  residues  were  as  follows :  I,  3-20%  Zn ;  II,  4-12%  ; 
III,  4-01%;  IV,  5-41%;  V,  5-lG%;  VI,  5-30%.  In  washing  V  and 
VI  concentrates  assaying  13-80  and  14-00%  Zn,  respectively,  were  ob¬ 
tained,  but  only  7-92  and  8-15%,  respectively,  were  in  the  form  of  ZnO. 
Ashes  amounting  to  70(53  kg.  from  these  experiments  were  washed  lor 
unburned  coal,  yielding  1505  kg.  of  4  to  30  mm.  size,  at  a  cost  of  1-'*' 
marks,  or  0-845  mark  per  100  kg.,  which  was  too  dear.  The  conclusion 
reached  by  Doctor  Steger  was  that  it  would  be  unprofitable  to  dress  the 
Silesian  muffle  residues,  and  the  hope  that  the  zinc  in  the  old  heaps  would 
be  available  is  not  likely  to  be  realized. 

At  those  works  where  the  residues  are  jigged  for  the  recovery  of  lead 
the  washed  coal  is  utilized  in  exceptional  cases.  At  Monteponi,  Sardinia, 
it  is  employed  for  the  calcination  of  calamine ;  at  certain  Belgian  works  it 
fs  given  away. 

Loss  of  Ztnc  by  Non-Condensation. — The  loss  of  zinc  by  failure  to 
condense,  in  the  form  of  spelter  and  blue  powder,  that  which  has  been 
reduced  and  volatilized  occurs  through  absorption  by  the  retorts,  filtration 
through  the  retorts,  breakage  of  the  retorts,  escape  of  uncondensed  zinc  at 
beginning  of  the  maneuver,  and  by  the  escape  of  zinc  vapor  from  the  con¬ 
densers  throughout  the  period  of  distillation. 

Absorption  by  Retorts.— A.  new  retort  inserted  in  a  furnace  does  not  begin 
to  make  its  maximum  output  of  zinc  until  several  days  after  it  has  been 
placed  in  position.  This  is  due  largely  to  absorption  of  metal  by  the  clay, 
with  which  it  combines  as  a  zinc  aluminate;  i.e.,  an  artificial  zinc  spinel.  U 
is  that  compound  which  gives  the  deep  purplish  blue  coloration  to  old  zinc 
retorts.  Such  old  retorts  will  be  found  upon  analysis  to  contain  6%  Zn  or 
more,  h .  (  .  Degenhardt  tound  that  old  retorts  at  the  works  at  South 
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Bethlehem,  Pa.,  sometimes  had  as  much  as  21-47%  ZnO,  a  series  of  analyses 
giving  the  following  results :  21-47%  ;  18-09%  ;  15-72% ;  10-72% ;  (M0% ; 
the  first  was  dark  blue;  the  last  was  nearly  white.1  in  1894  an  old  retort 
at  the  same  works  showed  19-34%  Zn ;  its  weight  when  new  was  103  lb.,  and 
it  gained  22-9  lb.  At  Lipine,  Upper  Silesia,  old  retorts  are  said  to  assay 
8%  Zn.  In  Kansas  and  Missouri  they  contain  usually  from  G  to  15%. 

The  loss  of  zinc  by  absorption  in  the  retorts  is  no  inconsiderable  item  in 
the  total  loss  ;  for  example,  the  retorts  0-15Xd-34Xl-45  m.,  inside  measure¬ 
ment,  used  at  a  certain  works  in  Rhenish  Prussia,  weighed  70  kg.  when 
burned.  If  an  old  retort  should  assay  6%  Zn  it  would  hold  about  4-2  kg. 
of  metal.  The  works  in  question  consume  12,000  retorts  per  annum,  which 
would  mean  a  loss  of  approximately  50-4  metric  tons  of  zinc  by  absorption 
or  0-G3%  on  the  output  of  8000  tons  of  spelter.  An  American  works  dis¬ 
tilling  a  charge  assaying  G0%  Zn  in.  retorts  weighing  140  lb.  (after  burn¬ 
ing)  of  which  the  breakage  is  2-5%  daily  loses  1-12%  of  the  zinc  in  the 
ore  distilled  by  absorption  in  the  retorts,  which  assay  8%  Zn  when  thrown 
away ;  this  estimate  of  loss  is  based  on  the  weight  of  the  new  retorts,  whereas 
if  it  were  reckoned  on  the  weight  of  the  old  material  to  which  the  assay 
(8%  Zn)  refers  it  would  come  to  about  1-20%. 

There  is  reason  to  believe  that  the  loss  of  zinc  by  absorption  in  the  retorts 
is  greater  than  is  indicated  by  the  above  analyses,  at  least  in  Upper  Silesia, 
according  to  an  investigation  by  the  late  Edmund  Jensch,  inspector  at  the 
Kunigundehiitte,  which  bears  every  evidence  of  reliability.  He  reported  five 
analyses  of  old  retorts  with  the  following  results:2 


I 

II 

III 

IV 

V 

SiO. .  . 

50'20% 

0  61 
3080 

048 

0*56 

17  64 
0005 
0-21 

48*64% 

0-73 

33*58 

035 

0*39 

16-38 

0*071 

0*300 

46*50% 

1*21 

36*84 

0-60 

041 

1411 

0-08 

0*25 

52*14% 

0*75 

28*59 

0*40 

0*35 

18*21 

001 

49*75% 

0*96 

31*82 

0*52 

0*38 

16*63 

013 

0*10 

re,o, . • 

Aar**  . 

MgUF  . 

7„n  . 

. . 

Alkalies . 

'jYrtal  . 

100*505 

100*301 

100*30 

100*45 

100*29 

Vnalyses  I  and  II  were  of  samples  from  50,000  kg.  of  old  retorts  from 
th<>  Kunigundehiitte,  near  Kattowitz,  and  the  Clarahutte  and  Franzhiitte, 
.,t  Hchwientochlowitz,  ground  to  pass  a  4  mm.  screen.  The  material  had 
previously  been  cleaned  of  slag  and  parts  high  in  spinel  and  was  in  the  form 
usually  employed  as  old  material  in  the  preparation  of  the  batch  for  retort 

i  American  Chemist,  1875,  p.  355. 

*  Samralung  ehemlselier  und  chemiseh-technlscher  Vortrage,  III,  vl,  215. 
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manufacture.  Analyses  III,  IV  and  V  were  from  the  Beuthener,  ltosa- 
munde  and  Godulla  works  respectively.  An  average  of  the  five  analyses 
shows  0-059%  CdO=0-052%  Cd.  An  average  of  seven  analyses,  including 
the  five  above  specified  and  two  others  which  returned  13-18%  ZnO  and 
15-96%  ZnO,  came  to  16-02%  ZnO=12-87%  Zn. 

According  to  the  statistics  of  the  Oberschlesischen  Berg-  und  lliitten- 
mannischon  Vereins  the  consumption  of  muffles  in  1895,  1896  and  1897  was 
respectively  169,218,  174,512  and  179,299,  an  average  of  171,010.  Assum¬ 
ing  the  weight  of  a  dried  and  burned  muffle  to  be  2G0  kg.  the  weight  of 
171,010  muffles  would  be  44,462,600  kg.  and  an  average  assay  of  0-052% 
(  d  and  12-87%  Zn  would  imply  a  loss  of  23,120  kg.  of  cadmium  and  5,722,- 
35 <  kg.  of  zinc  by  absorption  in  muffles.1  According  to  the  same  statistics 
the  production  of  spelter  in  Upper  Silesia  in  1895,  1896  and  1897  was 
respectively  95,430,  98.323  and  95,547  metric  tons,  an  average  of  96,433. 
Assuming  that  70%  of  the  zinc  in  the  ore  was  recovered  by  smelting,  the 
original  tenor  of  the  ore  would  have  been  96,433-^0-70=137,757  metric 
tons  and  the  loss  by  absorption  in  the  muffles  5.722-357-^137.757=4-15%, 
a  figure  which  seems  incredible.2  Yet  admitting  that  -Ton sell’s  average  of 
h  zmc  contents  of  the  old  muffles  may  be  too  high,  and  instead  of  an 
assay,  of  12-87%  there  is  only  half  that  Quantity,  the  loss  of  zinc  by  absorp¬ 
tion  in  Upper  Silesia  would  still  be  2-08% ;  this  is  nearly  10%  of  the  total 
loss  in  distillation  in  the  average  Silesian  practice.3 

It  will  be  observed  that  the  relative  loss  by  absorption  in  the  retorts  in¬ 
creases  as  the  grade  of  the  ore  decreases.  The  assay  of  the  old  material 
appears  to  be  about  the  same  irrespective  of  the  grade  of  the  ore  distilled, 
wherefore  the  quantity  of  zinc  held  back  is  proportionately  greater  with  a 
low  grade  ore  than  with  a  high  grade.  For  example,  if  in  distilling  25,000 
i.  of  ore  of  various  grades  there  wore  obtained  in  each  case  2250  lb.  of 
old  retort  material  assaying  6%  Zn,  there  would  be  held  back  135  lb.  of 
zmc  and  if  the  ores  contained  respectively  60%,  40%  and  20%  Zn  the 
losses  would  bo  as  follows : 


i>5  ooo  v  0-4C  !  n  :  an1  1 35  -  15.000- 0'90% 

254)00  X  0’2O  aTU  ,135 ^  lO.OOO-  V3R% 

0  1  x  0  20  “  5-<W»:  and  135 -r-  6,000-  2’70% 


1  This  Is  calculated  on  the  weight  of 
muffles,  while  the  assays  are  of  old  mi 
which  have  gained  largely  m  weight 
the  same  assays  were  referred  to  the  w< 
of  the  old  muffles  the  tenor  of  zinc 

greater*11  *“  th°m  wou,d  be  corr<»pondl 
’Resides  the  factors  employed  In 


above  calculation,  which  affect  the  result, 
there  nre  others  which  should  be  taken 
into  consideration,  i.  e.,  the  percentage  of 
zinc  In  the  spelter  produced  and  the  quantity 
of  zinc  produced  and  sold  as  blue  powder, 
but  such  minor  factors  would  not  materially 
affect  the  result. 

•Compare  with  data  on  p.  543. 
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This  same  principle  appears  to  be  true  with  respect  to  other  items  of 
loss  in  distillation ;  it  is  discussed  at  more  length  in  Chapter  XV. 

The  absorption  of  zinc  by  the  retorts  takes  place  chiefly  during  the  first 
week  of  their  use,  during  which  period  the  new  retort  produces  comparatively 
little  spelter.  This  fact,  together  with  the  losses  of  metal  that  are  expe¬ 
rienced  in  other  ways,  has  been  shown  bv  Doctor  Otto  Miihlhaeuser  in  care¬ 
ful  experiments  at  an  American  works,  using  retorts  made  of  St.  Louis  clay, 
his  results  being  as  follows : 
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2 

3 

4 

5 

6 
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% 

29*52 
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36*08 

36*96 
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53*21 

% 
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20-14 
3140 
24  68 
2237 
22*42 
2144 

% 

13  39 
1584 
1760 
1760 
1783 
967 
1090 

% 

340 

266 

433 

381 

346 

355 

254 

% 

2  39 
066 
179 
1-80 
240 
060 
360 

% 

3808 
39-30 
5512 
4789 
4606 
36  24 
3848 

% 

277 

2*19 

1- 90 

2- 25 
3*69 
3*15 
3*46 

% 

1*52 

1*73 

1*96 

1-87 

104 

109 

107 

% 

2  09 
2T9 
274 
318 

3  00 
2*36 
207 

% 

25*97 

23*78 

14*37 

8*77 

9*24 

6*81 

1*70 

% 

32*35 
2989 
20  97 
16*07 
16  97 
1341 
8*30 

A  retort  tlmt  had  been  in  use  for  eight  days  weighed  163  b.  and  assayed 
13.5%  Zn  Another  one,  used  for  20  days,  weighed  171-25  lb.  and  assayed 
;? ?%  Zn.  Still  another,  used  for  135  days,  weighed  176-5  b.  and  assayed 
, ,%  Zn.  The  degree  of  penetrability  of  sine  vapor  m  o  the  walls  ot  the 
retorts  depends  upon  the  nature  and  number  of  the  cracks  winch  form  m 
them  and  t  ho  thickness  and  fluidity  of  the  glare  which  forms  on  them.  The 
orea ter  the  number  of  cracks,  the  deeper  they  extend  into  the  walls  and  the 
f  '  1-  the  glaze  the  more  easilv  will  the  zinc  vapor  penetrate  into  the  walls 

ffreater  vvill  he  the  loss  of  metal  by  absorption  and  filtration  in  ami 
1  them  The  resistance  which  a  retort  presents  against  such  penetra- 
'ti.mt  one  of  the  chief  factors  in  determining  its  value,  since  thereby  the 

recovery  of  metal  is  great!} ,  of  zillc  ty  filtration  through 

,  P<(t:nhe'rtoli»  d"  porosity  of  the  latter,  and  consequently 
"’“.r  inferi oritv  of  their  manufacture.  Given  a  retort  which  is  more  or 
°  theJ"eZ  the  loss  which  will  he  experienced  in  this  manner  is  largely 
less  permeable,!  the  pr0ssnre  of  the  vapor  inside  of  the 

a  function  of  the  differs  ^  on  ^  outeide.  That  difference  is 

r,'t0l“t  n  hose  furnaces,  especially  the  direct  fired,  in  which  there  ,s  neccs- 
<  pressure  in  the  combustion  chamber  because  of  the  draught  of 
T  himnlv  With  gas  fired  furnaces,  on  the  other  hand,  in  which  there 

thC  -  ,zts.  angow.  Ohem.,  XVI.  xli.  278  and  282. 
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is  a  plenum  of  pressure  in  the  combustion  chamber,  it  is  more  difficult  for 
zinc  to  escape.  The  extent  to  which  loss  of  zinc  may  be  suffered  by  filtration 
through  the  retorts  is  not  easily  measured,  but  the  practical  result  of  a 
higher  saving  with  gas  firing  is  due,  no  doubt,  partly  to  a  reduction  of  the 
loss  in  that  manner.  The  loss  of  zinc  by  filtration  is  also  reduced  by  glazing 
the  retorts  outside  and  inside,  either  by  a  preliminary  treatment  with  a 
fusible  coating  or  by  the  natural  glaze  which  is  formed  in  the  furnace.  The 
loss  of  zinc  by  filtration  has  been  reduced  most  effectively,  however,  by  the 
manufacture  of  retorts  under  great  hydraulic  pressure  with  the  addition  of 
a  certain  percentage  of  coke  dust  in  the  batch,  whereby  the  walls  are  made 
very  dense. 

Breakage  of  Retorts. — The  escape  of  zinc  vapor  from  the  retorts  through 
cracks,  whether  the  latter  be  present  originally  in  the  retorts  or  be  formed 
after  the  retorts  have  been  inserted  in  the  furnace,  is  a  very  important 
source  of  loss,  since  such  cracks  afford  a  direct  vent  into  the  combustion 
chamber  and  zinc  may  be  lost  through  them  for  a  long  time  before  discov¬ 
ery  is  made.  With  direct  fired  furnaces  which  are  operated  by  means  of  a 
chimney  draught,  the  loss  of  zinc  is  made  known  by  the  appearance  of  white 
smoke  from  the  chimneys,  especially  during  the  intervals  between  stoking. 
At  other  times  the  white  smoke  may  be  hidden  in  the  dense  black  smoke 
of  the  coal.  With  gas  fired  furnaces  the  pressure  in  the  combustion  cham¬ 
ber  may  be  so  high  that  a  crack  in  a  retort  will  not  permit  the  escape  of 
\apor  from  the  latter,  but  on  the  contrary  gas  from  the  combustion  chamber 
will  enter  the  letort,  in  which  case  zinc  vapor  is  oxidized  and  will  be  carried 
away  through  the  condenser.  As  soon  as  a  retort  is  discovered  to  be  broken, 
the  condenser  is  removed  and  its  charge  is  withdrawn,  to  be  mixed  with  blue 
powder  and  other  between-products  and  redistilled  another  day.  The  pres¬ 
ence  of  a  broken  retort  is  manifested  by  the  appearance  of  the  flame  at  the 
nose  of  the  condenser.  With  direct  fired  furnaces  and  those  in  which  there  is 
a  suction  in  the  combustion  chamber,  the  condenser  flame  dies  out,  because 
the  gas  from  the  retort  is  no  longer  being  forced  out  only  through  the  con¬ 
denser  by  its  own  pressure,  but  is  being  drawn  into  the  combustion  chamber 
and  thence  up  the  chimney.  With  such  furnaces  as  have  a  plenum  of  pres¬ 
sure  in  the  combustion  chamber,  the  appearance  of  the  condenser  flames  will 
depend  upon  the  relative  pressure  inside  and  outside  of  the  retort  If  the 
external  pressure  be  the  higher,  a  broken  retort  is  discovered  by  an  elonga- 
t.on  of  the  condenser  flame,  which  also  becomes  somewhat  brownish  red 
instead  of  bright  bluish  green.  The  experienced  smelter  by  observation  of 
his  condenser  flames  discovers  a  broken  retort  generally  before  the  zinc 
smoke  shows  itself  clearly  at  the  chimney,  but  not  always.  In  any  case 
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there  will  probably  be  a  considerable  loss  of  zinc  before  discovery  is  made. 
The  extent  of  that  loss  will  depend  largely  upon  the  percentage  of  retorts 
which  are  broken. 

The  breakage  of  retorts  at  Angleur,  Belgium,  is  about  2%  of  the  whole 
number  daily ;  at  other  Belgian  works,  where  more  corrosive  ore  is  distilled, 
it  may  amount  to  3%.  The  Rhenish  and  Westphalian  works  experience 
about  the  same  breakages.  At  Munsterbusch  (Stolberg)  it  is  2  to  2-5%. 
At  Dortmund,  in  1894,  it  was  said  to  be  about  1*7% ;  at  Gladbach,  1*7  to 
2-2% ;  at  Hamborn,  3-2.  The  retorts  are  made  by  hydraulic  pressure  at  all 
the  works  mentioned,  except  Angleur  where  they  arc  bored  out.  Probably 
a  breakage  of  about  2-5%  is  a  fair  average  in  both  Belgium  and  Rhenish 
Prussia ;  this  is  equivalent  to  an  average  life  of  40  days.1 

In  the  Western  districts  of  the  United  States  the  average  breakage  is 
probably  between  2  and  3%,  or  about  the  same  as  in  Belgium.  The  retorts 
are  inferior  in  their  manufacture,  but  the  ore  distilled  in  them  is  more 
docile.  In  distilling  the  New  Jersey  ore,  which  is  high  in  iron  and  man¬ 
ganese,  comparatively  short  lives  and  high  percentages  of  breakage  are  ex- 


^Thefigures  cited  above  are  averager.  The  life  of  the  retort*  varies  of 
course  in  different  parts  of  the  furnace,  those  in  the  hottest  places  lasting 
for  less  time  than  those  which  occupy  the  cooler.  In  gas  fired  furnaces, 
wherein  a  more  equable  temperature  ia  maintained,  the  difference  is  less 

thThindanTl"Tm„fflM  in  Upper  Silesia  ranges  generally  from 
*  *«  4%  i  probably  2-5  to  3%  is  a  fa-  average  _  The :  statistrca  of  all  the  Ivor  s 


Year 


1891. . 

1892.  . 

1893.  . 

1894.  . 
1895-  . 

1896.  . 

1897.  . 

1898. 

1899. 

1900. 


No.  of  Muffles 
in  furnaces 

No.  of  Muffles 
consumed 

No.  of  times 
replaced 

Average  life, 
days 

Average  daily 
breakage,  % 

17,680 

17.960 

18,506 

18,664 

18.656 

18,691 

18,831 

20,591 

21.669 

23,604 

159,285 
156,147 
170.350 
170.941 
169,218 
174,512 
179,299 
210, .375 
229,305 
248,894 

9-01 

869 

9*21 

9*16 

9*07 

9‘27 

952 

10*22 

10*59 

10*55 

40*0 

41*4 

39*1 

39*3 

39*7 

38*8 

37*8 

35*2 

34*0 

34*1 

250 

2*41 

2*56 

2*55 

252 

258 

2*65 

2*84 

2*94 

2*92 

mi,,,  breakage  of  retorts  occurs  partly  Because  u.  —  -  '  , 

t,10  influence  of  heat  and  partly  through  their  corrosion  hy  slags, 

- -  overture  perre  tago  of  breakage,  give*  the  average  life  in  days;  .similarly 

’  WvM  divWta«  ^COby  «he  average  life  in  days,  given  the  average  daily  breaktng  in  per  cent. 
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and  parti)'  by  exposure  to  intense  heat,  whereby  the  clay  is  simply  fused. 
If  the  retort  be  hand-made,  or  molded  by  means  of  an  augur  machine,  it 
should  be  examined  carefully  for  any  signs  of  cracks,  because  if  there  be 
any  such  they  will  be  sure  to  develop  in  the  furnace.  Such  retorts  should 
be  rejected.  A  works  in  Kansas  increased  its  saving  considerably  by  care  in 
this  respect.  With  retorts  made  under  hydraulic  pressure  there  is  much 
less  likelihood  of  originally  defective  vessels.  It  was  formerly  the  practice 
to  patch  defective  retorts  with  clay  from  the  inside,  this  being  a  regular 
part  of  the  maneuver.  That  practice  is  no  longer  continued  except  perhaps 
in  Upper  Silesia.  In  the  United  States  a  retort  which  is  cracked  is  prompt¬ 
ly  discarded. 

The  action  of  corrosive  slags  on  the  retorts  eats  small  holes  through  them, 
which  may  permit  the  escape  of  a  good  deal  of  zinc  before  they  are  large 
enough  to  be.  evident.  With  direct  fired  furnaces,  the  retorts  of  the  lowest 
rows,  being' directly  over  the  fireplace,  are. exposed  to  a  very  much  higher 
temperature  than  the  upper  rqws.  By.  raising  tbe'temperature  sufficiently 
to  drive  off  the  zinc  from  the  upper  rows,  consequently,  it  is  very  likely  that 
the  heat  will  be  far  too  high  for  some  of  the  retorts  in  the  lowest  rows  to 
withstand,  and  if  such  retorts  have  been  previously  weakened  by  the  corro¬ 
sion  of  slag  from  the  inside,  they  are  likely  to  develop  large  holes.  Such 
retorts  are  said  to  have  been  ‘‘butchered.5'"  A  good  example  of  a  butchered 
retort  is  shown  in  the  accompanying  engraving  from  a  photograph  taken  at 
a  smeltery  in  Kansas.  Betorts  may  also  be. butchered  in  gas  fired  furnaces 
either  with  natural  gas  or  with  producer  gas  firing. 

The  most  severe  trial  of  the  retorts  comes  during  the  night,  when  the 
furnace  is  being  driven  hardest,  and  especially  toward  the  end  of  the  dis¬ 
tillation,  when  the  charge  is  being  pinched  to  got  the  last  of  its  zinc  and 
when  the  endothermic  reaction  which  takes  place  within  the  retorts  has 
diminished  in  activity  and  less  heat  is  being  absorbed  in  its  performance. 

Escape  of  Vncondcnscd  Zinc  at  Beginning  of  the  Maneuver.— When  the 
condensers  are  removed  at  the  end. of  the- distillation,  the  retort  which  at 
that  time  is  ldss  than  half  filled  by  the  residue  of  the  charge,- contains  a 
certain  quantity  of  zinc  vapor  which  has  had  not  sufficient  tension  to  be 
forced  over  into  the  Condenser.  There  will  be  probablv  a  large  percentage 
of  unconsumed  carbon  in  the  residue,  but  the  zinc  oxide  having  been  mostly 
reduced,  there  is  no  longer  any  agent  to  combine  with  the  carbon  and  main¬ 
tain  tlie  e\olution  of  carbon  monoxide  gas.  Consequently  the  retort  re¬ 
mains  filled  with  gas  which  is  a  mixture  of  carbon  monoxide  and  zinc  vapor. 
When  the  retort  is  opened  and  its  contents  thereby  exposed  to  air.  this  vapor 
is  oxidized  and  lost  in  the  form  of  zinc  oxide.  Various  devices  have  been 


ylG  358.  A  Butchered  Ketort,  Photographed  at  Pittsburg,  Kan. 
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proposed  to  suck  out  and  recover  the  vapor  remaining  in  the  retort  after 
completion  of  the  distillation,  among  others  by  B.  Kosmann1  and  C.  Palm  2 
:None  ol  these  devices  are  in  use,  however,  at  the  present  time,  whence  the 
in  erence  is  that  they  were  inefficient ;  or  at  least  unprofitable.  The  loss  of 
zinc  suffered  in  this  way  can  hardly  be  of  much  importance. 

Escape  of  Zinc  Vapor  from  the  Condensers.— The  escape  of  zinc  vapor 
fiom  the  condenser  is  the  most  important  loss  which  falls  under  the  caption 
of  non-condensation.  In  order  to  obviate  it  entirely  it  would  be  necessary 
to  use  condensers  which  would  be  too  clumsy  for  practical  purposes.  With 
the  comparatively  short  condensers  that  are  employed  it  is  necessary  to 
regulate  the  temperature  very  closely  in  order  to  reduce  the  loss  to  a  mini¬ 
mum.  Even  if  that  be  done,  the  metallurgist  is  confronted  by  the  two 
alternatives  of  running  with  condensers  too  cold  and  producing  a  high  per¬ 
centage  ol  blue  powder,  which  will  have  to  be  redistilled,  thus  detracting 
from  the  capacity  of  the  furnace,  and  being  moreover  subjected  to  further 
loss  by  the  second  distillation;  or  running  with  condensers  too  hot,  when  a 
part  of  the  vapor  will  fail  to  be  liquified  and  will  burn  at  the  end  of  the 
condensers  with  the  brilliant  greenish  white  flame  characteristic  of  zinc. 
Nor  can  the  condensers  be  regulated  without  consideration  of  the  distillation 
in  the  retorts;  for  example,  if  the  retorts  be  subjected  to  an  excessively  high 
temperature  in  order  to  pinch  out  the  last  of  the  zinc  in  the  charge,  the 
condensers  are  apt  to  be  too  hot  and  the  extra  loss  of  uncondensed  zinc 
escaping  from  them  may  offset  the  increased  volatilization  from  the  charge. 
With  the  ordinary  Belgian  furnace,  therefore,  experience  shows  that  it  is 
not  economical  to  drive  out  the  charge  beyond  a  certain  point,  aside  from 
the  extra  consumption  of  coal. 

The  regulation  of  the  temperature  of  the  condensers  is  no  easy  matter, 
inasmuch  as  the  conditions  are  bound  to  vary  in  different  parts  of  the 
furnace  because  of  the  necessary  method  of  charging.  Immediately  after  a 
retort  is  charged  it  becomes  cold  on  account  of  the  heat  absorbed  in  raising 
the  temperature  of  the  charge.  While  the  charge  is  being  gradually  raised 
to  the  temperature  of  the  furnace,  heat  is  absorbed  in  driving  off  the  water 
contained  in  it  and  the  volatile  hydrocarbons  of  the  coal.  With  the  active 
development  of  carbon  monoxide  the  condensers  become  strongly  heated,  and 
.jflcr  the  zinc  distillation  is  well  under  way  the  temperature  in  the  con¬ 
densers  attains  its  maximum,  not  only  because  of  the  sensible  heat  of  the 

,'ccnimr  from  the  retorts  hut  also  because  of  the  latent  heat  liberated 
gases  issuing 

,  /<.rmitn  pntpnt.  No.  5023 :  Berg-u. 

7AR- .  1870.  p.  280;  Them.  Ztg., 

Iliittenn  .  p  401  .  pin^ipr^  Polyteeh. 

1870.  P-  ”  xXV  281>  nnd  OCXXXVI,  250. 

Journ.,  '  ' 


2  Gorman  patents.  Nos.  15,116,  16,046  and 
16,305;  Wagner's  Jahresberiehte,  1S83,  p. 
171. 
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by  the  condensation  of  the  zinc  vapor.  Toward  the  end  of  the  distillation 
the  temperature  of  the  condensers  falls  off. 

It  may  happen  that  in  attempting  to  run  the  condensers  at  the  minimum 
temperature  the  latter  will  be  allowed  to  sink  to  the  point  where  the  molten 
zinc  accumulated  in  their  bellies  will  solidify,  necessitating  their  removal 
and  the  substitution  of  fresh  ones.  This  calamity  being  feared  by  the  smelt¬ 
ers  more  than  the  loss  of  uncondensed  vapor  the  probability  is  that  the  con¬ 
densers  will  be  generally  run  too  hot  rather  than  too  cold.  It  is  aimed  gen¬ 
erally  to  maintain  the  temperature  of  the  condensers  at  about  500°  C., 
"which  is  85  above  the  melting  point  of  the  metal.  In  Silesian  furnaces 
equipped  with  the  Dagner  and  Kleeman  condensers,  which  are  entirely 
contained  within  the  niches,  the  temperature  of  the  latter  can  be  regulated 
by  means  of  the  counterweighted  doors  which  close  the  front  of  the  niches. 
Not  so  with  the  ordinary  Belgian  furnaces,  in  which  the  condensers  and 
their  prolongs  project  beyond  the  fagade  of  the  furnace.  An  arrangement 
of  furnace  front  whereby  the  temperature  of  the  condensers  can  be  con¬ 
trolled  in  such  cases  has  recently  been  patented  bv  George  G.  Convers  and 
Arthur  B.  De  Saulles,  of  South  Bethlehem,  Penn.1 

1  he  loss  of  zinc  fume  through  the  condensers  is  reduced  by  the  use  of 
prolongs,  or  ballons/’  which  in  their  simplest  form  are  merely  a  cone  of 
sheet  iion,  that  is  fitted  over  the  nose  of  the  condenser.  A  more  common 
form  is  a  long  sheet  iron  canister,  with  a  hole  in  the  outer  end  for  egress 
of  the  gas.  In  prolonging  the  course  which  the  gas  has  to  travel  and  sub¬ 
jecting  it  to  the  stronger  cooling  effect  of  the  air  further  from  the  fagade 
of  the  furnace,  circulating  around  the  iron  of  the  prolongs  which  is  a  far 
better  conductor  of  heat  than  the  clay  of  the  condensers  proper,  a  large  per¬ 
centage  of  the  zinc  in  the  vapor  which  would  otherwise  escape,  is  con¬ 
densed  in  the  form  of  blue  powder,  or  dust.  The  carbon  monoxide  escaping 
from  the  end  of  the  prolong  may  be  ignited,  or  may  not  be.  If  it  be  allowed 
to  escape  unburned,  arrangements  should  be  made  to  remove  it  from  the 
furnace  house,  because  it  is  highly  poisonous.  With  some  kinds  of  pro- 
ongs  there  is  considerable  danger  from  explosion  of  the  gas  by  air  drawn 
m  through  leaks  and  the  opening  which  must  almost  always  he  provided  for 
the  insertion  of  a  rod  to  remove  obstructions;  this  danger  is  the  more  likely 
in  vertical  prolongs  (not  used  with  Belgian  and  Rhenish  furnaces)  in 
which  the  column  of  ascending  hot  gas  creates  a  draught,  that  may  draw 
m  air.  u  o  course  there  will  be  no  explosion  unless  the  temperature  inside 
pro  ong  Ih  at,  01  higher  than,  the  ignition  point  of  the  mixture  of 

1  United  States  potent.  No.  094,137,  Feb.  25,  1902. 
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gas  and  air.1  These  drawbacks  to  the  use  of  prolongs,  together  with  the 
increased  attention  which  they  demand,  lead  to  a  considerable  difference 
in  opinion  as  to  the  advantage  to  be  derived  from  them.  In  Upper  Silesia 
they  find  extensive  employment,  except  in  such  works  as  have  adopted  the 
Kleeman  and  Dagner  condensers,  the  gas  issuing  from  which  is  burned  and 
the  zinc  fume  recovered  as  oxide.  In  Belgium  and  Rhenish  1  russia  they 
are  used  generally  and  it  is  considered  that  they  lead  to  an  extra  saving  oi 
about  2%  of  the  metal  in  the  ore  distilled.  In  the  United  States,  on  the 
other  hand,  such  works  as  have  at  times  used  prolongs  have  now  generally 
abandoned  them  on  the  ground  that  the  saving  effected  did  not  compensate 
for  the  disadvantages.  At  a  certain  works  in  Kansas  the  use  ot  prolongs 
led  to  an  extra  recovery  of  0-5  to  1  lb.  of  zinc  per  retort,  the  mean  between 
those  extremes  corresponding  to  168  lb.  per  furnace  of  224  retorts.  As- 
gaming  that  the  furnace  was  charged  with  10,000  lb.  of  ore  assaying 
Zn,  the  increased  recovery  would  have  amounted  to  2-55%  of  the  »na 
in  the  ore.  Notwithstanding  that  apparently  important  extra  rcemory, 
it  was  considered  that  there  was  no  ultimate  economical  gain.  It  must 
not  he  forgotten  in  this  connection  that  the  zinc  recovered  from  prolongs 
k  in  the  form  of  blue  powder,  which  has  to  be  redistelled  wherefore  the 
coitra  recovery  of  metal  is  not  clear  gain,  or  else  after  sifting  must  be 

marketed  as  zinc  dust.  successful  furnacc  in  which  the  retorts 

Improved  OosDK»sa».-trnUl . chainbcr  is  invented, 

will  discharge  their  vapor  m‘°,a  dose  regulation  of  the  tern- 

the  ideal  condenser  is  one  which  wdl  permit  a i  c.  „  without  ad. 

perature  and  ado-d  a  ^escape  tew  the  ca^mm ^  ^ 

mitting  any  air.  I  hose  ■  discl,argcd  varies  greatly  at  different 

inasmuch  as  the  vo  Him  dunces  should  be  taken  on  throttling  the 

stages  of  the  distillation,  a  ,  high  tension.  The  only  practical 

gas  stream  so  as  to  crc.  .  P  •  in  the  condenser  is  to  main- 

meth0d  wTmm^rbon  monoxide  issuing  constantly  from  the  con- 

dc'nscr'that  no  air ,  can ^"^-angemonts  for  the  condensa- 
The,"  vapor  wlich  arc'not  possible  with  the  Belgian  typo  ot  fur- 


.  ,n  —  to  Roberta-Austen,  carbon 
1  not  Ignite  until  dull  rod  beat 

monoxide  does  of  Metallurgy,  v- 

«lntr0(nun  red  heat  corresponda  to  a  tom- 
171)-  Du"  r0o  to  625*  o.  Mallard  and 
^“-TaUer  determined  the  Ignition  tern- 
Lo  r,in  "f  a  mixture  of  70%  air  and  .hr 
peratuto  <>°  f  ;  this  temperature  is 

hydrogen  to  ne  ^ 


raised  by  the  Introduction  of  carbon  mo¬ 
noxide.  of  which  the  I  gni  t  ionpoin  Hshlghcr 

than  that  of  hydrogen;  with  a  mixture  or 
55%  air  and  30%  carbon  monoxide,  the  kin¬ 
dling  temperature  varied  between  b.>0  and 
*C..  Whlle  a  larger  proportion  of  carbon 
monoxide  increased  it  to  72.»*  <’•  <■  e ' 

munn.  Compendium  der  Gasfeuerung,  p.  10). 
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nace  and  are  rather  difficult  with  the  Rhenish  type.  These  arrangements 
comprise  a  long  list  of  special  forms  of  prolongs,  or  “ballons,”  and  the  con¬ 
densers  known  by  the  names  of  Kleeman  and  Dagner.  The  sheet  iron 
ballons  which  are  described  subsequently  in  this  chapter  are  now  used  in 
Upper  Silesia  only  by  those  works  which  make  a  practice  of  recovering  zinc 
dust,  which  is  to  be  prepared  as  a  marketable  product.  The  other  works  in 
Upper  Silesia  use  commonly  either  the  Kleeman  or  the  Dagner  condenser. 

Kleeman  Condenser. — The  Ivleeman  condenser1  consists  of  a  rectangular 
clay  pipe,  near  the  outer  end  of  which  is  attached  a  short  piece  standing 
vertically,  so  that  the  whole  forms  an  L  with  unequal  legs,  as  shown  in  the 
accompanying  engraving.  The  vertical  member  which  is  about  0-1  m.  long 
supports  at  its  upper  end  a  cast  iron  grate,  on  which  an  incandescent  bed 
of  coke  or  cinder,  perhaps  0*1  m.  thick,  is  maintained.  The  inner  end  of 


Fig.  359.  Kleeman  Condenser. 

the  condenser  rests  in  the  muffle  in  the  ordinary  manner.  The  outer  end  is 
closed  by  a  rectangular  iron  plate,  the  joint  being  tightly  luted  with  clay. 
In  the  center  of  the  plate  there  is  a  small  round  hole,  which  may  be  closed  if 
necessary  with  a  plug  of  clay.  The  whole  arrangement  is  contained 
within  the  niche  (Capclle)  of  the  furnace,  two  sets  of  condensers 
in  a  niche,  no  part  projecting  beyond  the  front  wall.  The  zinc 
vapor  condenses  to  liquid  and  collects  in  the  horizontal  arm  of 
the  pipe,  whence  it  is  tapped  into  ladles  by  removing  the  plate  which 
closes  the  outer  end  of  the  pipe.  This  opening  "also  gives  access 
to  the  muffle.  The  uncondensed  vapor,  together  with  the  carbon  mo¬ 
noxide  gas,  passes  up  through  the  short  vertical  arm  of  the  condenser, 
and  through  the  incandescent  bed  of  coke  burning  above  it.  The  object 
of  this  is  to  keep  free  oxygen  from  entering  the  condenser,  but  that  object 

1  Gorman  patent*.  Nos.  8121,12.821,28.590  ana  supplementary  patent  No.  7411. 
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appears  to  be  attained  only  when  the  coke  fire  receives  a  very  careful  atten¬ 
tion,  which  it  is  practically  impossible  to  give  it.  It  was  also  thought  origi¬ 
nally  that  any  oxidized  zinc  fume  rising  through  the  fire  would  be  reduced 
and  would  run  hack  into  the  condenser,  hut  on  the  contrary  it  was  found 
that  metallic  zinc  vapor  burned  to  oxide;  zinc  vapor  may  be  observed  to 
burn  very  actively  above  the  grate  fire.  The  carbon  monoxide  burns  of 
course  to  carbonic  acid  above  the  grate.  Since  the  bed  of  burning  fuel  is 
easily  choked  by  the  deposition  of  zinc  oxide,  it  requires  to  be  poked  oeca- 
sionally  and  periodically  to  be  renewed.  The  gases  which  have  passed 
through  the  grate  rise  through  a  flue  in  the  top  of  each  niche  to  a  common 
pipe  above  the  furnace,  whence  they  are  led  to  a  chimney.  The  arrange¬ 
ment  is  shown  in  the  accompanying  engraving.  All  danger  of  explosions 
of  CO  gas  is  eliminated  and  the  escaping  zinc  oxide  is  capable  of  collection. 

The  Kleeman  condenser  was  first  introduced  in  1879  and  was  for  a  time 
generally  used,  hut  was  subsequently  replaced  in  most  of  the  works  by  the 
I)agner  type.  The  Kleeman  condenser  is  still  used,  however,  at  some 
works,  particularly  at  those  of  the  Schlesische  Gesellschaft  fur  Bergbau-und 
Zinkhiittenbetrieb  at  Lipine.  At  those  works  the  condensers  fitted  with 
Kleeman  crates  are  provided  with  small  holes  in  their  ends  and  during  the 
distillation  these  holes  are  lightly  smeared  with  clay  so  that  the  escaping 
vapors  have  to  pass  through  the  grate,  but  if  the  bed  of  fuel  on ^the  latter 
becomes  filled  with  a  deposit  of  oxide,  so  that  the  vapor  cannot  find  free 
C(Tre„  the  increased  tension  in  the  condenser  blows  out  the  clay  stopper  at 
f  »d  n,  L  carbon  monoxide  gas  taking  tire  the  flame  gives  an  unm.s- 

taU  indication  to  the 

&n— ST  a  the  station  tor  them  in  many 

works  of  the  rondenser  is  an  arrangement  which 

Tt he  1-Ln  the  retort  to  take  a  comparatively  labyrinthine  coarse 
compels  tg  two  )mlfflcs  in  a  niche  are  commonly  served  by  a 

before  it  can  c,cap  in  the  end  of  each  retort  is  a  small 

single  condensing  ^  ^  ^  Between  these  pipes  is  placed  a  rec- 

muffle-shape  pip  >  .  •  t  wjth  the  two  main  pipes,  and  having 

(angular  pipe,  making  a  g  ]e m  with  thc  main  piFs 

pi>  arc  T:,ot,’cr 

into  the  middle  1  1  c()  onding  openings,  which  compel  thc  gas 

pipes  o  s?nn ‘  oapp08ite  ’ di rections  in  each  member.1  The  general  arrange- 

t0,  ‘T.1  ZFZZ  era  r .  y 

-  “b"  ',,h,n  -  ■“* 
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ment  and  the  form  of  the  various  members  is  shown  in  the  accompanying 
engraving.  The  section  b  is  0-15  m.  wide  and  0-20  m.  high;  section  c  is 
0-12  m.  wide  and  0-10  m.  high;  section  d  is  0-10  m.  wide  and  0-10  m.  high, 
The  outer  ends  of  these  pipes  are  closed  by  iron  plates  or  tiles,  which  are 
luted  tightly  with  clay,  each  plate  having  a  small  round  hole  in*the  center, 
sealed  with  clay.  These  holes  permit  the  entrance  of  iron  rods  in  order  to 
dislodge  any  accumulations  of  zinc  oxide.  The  openings  from  one  mem¬ 
ber  of  the  condenser  into  the  next  are  about  9X10  or  9X12  cm. 

The  zinc  which  condenses  in  liquid  form  is  recovered  from  the  lowest  row 
of  pipes,  the  upper  pipes  giving  only  zinc  dust  and  zinc  oxide.  The  gas 
which  finally  escapes  from  the  uppermost  pipe  burns  at  the  opening  and 


Figs.  360  to  365.  Dagneu  Condenser. 


flic  products  of  combustion,  zinc  oxide  and  carbonic  acid,  are  led  away 
through  a  Hue  in  the  top  of  the  niche  into  a  collecting  main,  whence  they 
are  conducted  through  a  dust  chamber  to  the  chimney.  The  front  of  each 
niche  is  closed  by  a  sheet  iron  plate  which  may  be  raised  or  lowered,  per¬ 
mitting  the  temperature  of  the  condensers  to  be  controlled.  There  is  a 
small  hole  m  the  lower  part  of  the  plate  which  admits  the  air  necessarv 
for  combustion  of  the  gas  when  the  plate  is  lowered.  The  gas  collecting 
mam  runs  longitudinally  over  the  furnaces,  leading  to  the  dust  condensing 
e  amber.  At  certain  works  the  condensing  system  is  developed  to  the 
extent  of  seven  chambers  with  a  total  length  of  110  m„  the  chambers  being 
provided  wi  vertical  walls  to  lengthen  the  course  that  the  gas  has  to 
travel  and  increase  the  depositing  surface.  Tn  the  last  chamber  there  is  a 
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water  spray  which  precipitates  solid  particles  which  arc  still  in  suspcn- 

r“>  h?,  :ater  belng  thence  kd  ttlro«gh  a  coke  filter.  According  to 
bchnabel1  this  arrangement  has  proved  to  be  good. 

According  to  Kosmann,2  the  dust  deposited  in  the  condensation  cham¬ 
bers  connected  with  a  Dagner  condenser  system  at  the  Wilhelminehutte  has 
approximately  the  following  composition:  88-20%  ZnO  (70-82%  Zn), 
1-46%  CdO  (1-27%  Cd),  4-44%  PbO  (4-12%  Pb),  4-12%  S03,  0-05% 
Mn304,  1-50%  ferric  oxide  and  residue;  total,  99-77%.  This  product  is 
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Fig.  308  :  Section  through  condensers. 


Figs.  366  to  368.  Arrangemi 

Fig.  366  :  Plan.  Fig.  367  :  Front  elevation. 

mixed  with  fresh  ore  and  recharged  into  the  muffles.  The  dost  »Uected 

from  the  parts  of  the  flues  near  the  the  mihctainehfltt. 

collected  separately  for  reco  ^  ^  attain8  5%.  Analyses 

StedustZX  Paulshtitte  are  rep*****™^ 


Zinc  oxide.  .  -  •  • . 

Cadmium  oxide.  .  •  •  • 

Lead  oxide^ 

Ferric  oxide, u v d ride.  . 
Sulphuric  anny(iri 
Carbon  dioxide.  -  -  ; ;; ; 

in  ignition  • 
Insoluble  residue. 

Totals 


8  Sammlung  <  <- 
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Results  from  Kleeman  and  Vagner  Condensers. — With  the  general  use  of 
the  Kleeniann  and  Dagner  condensers  in  connection  with  the  Silesian  zinc 
furnaces,  whereby  all  the  vapor  escaping  from  the  clay  condensers  attached 
to  the  retorts  is  collected  in  a  general  condensing  system,  the  inquiry  as  to 
what  additional  recovery  of  metal  is  effected  naturally  presents  itself.  With 
respect  to  that  point,  however,  1  have  neither  been  able  to  find  any  definite 
information  in  the  metallurgical  literature  nor  have  1  been  able  to  obtain  it 
m  response  to  my  own  inquiries.  That  there  should  be  an  additional  re- 
coveryof  metal  would  be  naturally  expected.  When  the  installations  were 
irst  put  in  operation  in  Upper  Silesia,  however,  the  metallurgists  there 
found  that  contrary  to  their  expectations  there  was  no  increased  recovery 
but  instead  thereof  there  was  an  increased  loss  of  metal.  This  was  due  to 
wo  causes:  (1)  In  operating  the  main  condensing  system  there  was  a 
draught  required  of  course,  which  draught  produced  a  minus  pressure  in 
the  retorts,  permitting  gases  of  combustion  to  filter  through  them  and 
oxidize  zinc;  while  (2)  the  arrangements  for  condensation  of  the  fume 

rliffT  It 18  °nly  recontlv  tl,at  metallurgists  have  learned  how 

d  fficult  it  is  to  settle  metallic  fume  and  how  inefficient  even  wet  methods 

“  Ty  \  IV  Up°n  the  practice  at  the  Wilhelmine- 

zinc  ovid  1  3’  wT  Stat?d  that  n0t  °nly  was  k  ^possible  to  settle  the 

emntvSfofTP  I617/11  *  ^  dust  chambers>  b”t  also  during  the 

chimnov0  n  r  considerable  quantities  of  dust  were  lost  up  the 

l  Sk  rCU,ty  T  ?  the  pressure  of  in  the  furnaces  was 
dLit  so  iTh  ^  Ga  furnace  with  a  damper  and  regulating  the 
nor?  wl  fl  Ti"7Id  JUSt  bG  rm0Ved  as  fast  a*  developed,  no 
there  haTbeen  ?  °/  °P°ration  and  condensation  of  the  fume 

^tt^!X^ery  of  ziDCj  but  w  much  and  at  -hat 

°f  Damm°r’S  Hmdbuch  d°r  Chemischen 
iZZoZ  !  18  ,m>ntl0ned  that  the  Wilhelminehutte  got  an  addi- 

by  Kosmanm  'ZZZZ  ImplyThaf  1000  Z  rf  C°mP°Siti°n 
amnln  oo or  r/n  ,  ,,  ,  1  •  cnat  IU,,('  bg.  of  ore,  assaying  for  ex- 

yield  ordinarily  140  kg.  (70%)  wnld  “with  the  D^*  °f  "'"a  WH°h  .migM 

■ . 'TicM  of  oxi,,i'  * 5  * 

. "V"  »■ . «•*  -*  ^:tSie^ri“^rcr’ the 

iah  “^?e  Pr°1I<>nKS  T"W'  -  -  Be.;'::  atd%he„. 

isn  i  russia,  ana  at  those  works  in  tbo  TTnifn/1  , 

n>Y  T  i  i  ..  ,  i-  uitccl  ntcites  where  they  have  been 

employed,  are  generally  ample  eonea  or  canisters  of  sheet  iron"  In  ^ 
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Silesia,  however,  a  great  variety  of  more  complicated  forms  has  been  em¬ 
ployed  from  time  to  time,  and  some  of  them  are  still  in  use  by  works  which 
make  a  practice  of  preparing  zinc  dust  for  the  market.  Although  some  of 
these  forms  of  ballons  effect  apparently  a  nearly  complete  condensation  of 
the  vapor  escaping  from  the  condensers  proper,  and  yield  a  product  which 
is  marketable,  they  have  not  displaced  the  Kleeman  and  Dagner  systems 
of  condensation,  notwithstanding  the  great  first  cost  of  the  latter  and  their 
production  of  nothing  but  a  between-product,  which  must  be  resmelted. 
The  reason  for  this  is  no  doubt  the  cumbersome  and  complicated  character 
of  the  improved  forms,  which  would  entail  too  much  additional  care  in  the 
management  of  the  furnace. 

In  designing  iron  prolongs  the  chief  requisites  are  the  provision  of  an 


Fios.  301)  to  371.  Vertical  Prolongs. 


ample  cooling  surface,  the  insurance  that  the  gas  will  come  in  contact  there¬ 
with  as  much  as  possible  and  the  prevention  that  the  fine,  condensed  dust 
will  be  carried  off  by  the  escaping  stream  of  gas.  The  functions  and  con¬ 
ditions  of  the  prolong  reproduce  therefore  on  a  small  scale  those  of  the 
dust  chamber  for  a  reverberatory  furnace,  but  it  is  important  moreover  to 
avoid  forms  which  are  liable  to  explosions  of  gas.  The  iron  prolongs 
which  are  employed  by  various  works  are  of  three  types,  namely,  the  ver¬ 
tical.  the  horizontal  and  the  combined.  The  vertical  type  is  adaptable  only 
to  the  Silesian  furnace  with  one  row  of  retorts.  With  the  Rhenish  and 
Belgian  furnaces  which  have  several  rows  of  retorts,  either  the  horizontal 
type  or  the  combination  type  may  be  used,  but  generally  only  the  former 
is  employed. 

Vertical  Prolongs. — The  simplest  form  of  the  vertical  prolong  is  shown 
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in  Fig.  369.  It  consists  of  a  cylinder  V,  which  is  connected  with  the  nose 
of  the  condenser  by  the  tube  h.  The  gas  escapes  into  the  furnace  house 
through  holes  in  the  cover  d.  In  order  to  avoid  such  pollution  of  the  at- 


Water  Trough 


Fig.  372.  Palm's  Ballon. 


mosphere,the  gas  is  sometimes  led  by  a  tube  ^,Fig.  370,  into  a  collecting  flue, 
an  arrangement  which  is  preferable  to  the  other.  In  order  to  keep  the  con¬ 
denser  clear,  there  is  an  opening  S  in  the  vertical  cylinder,  through  which  a 


Fig.  373.  Hawel's  Ballon. 


rod  may  be  inserted,  the  opening  being  closed  at  other  times  by  a  valve  or 
a  plug  of  clay.  Another  proposed  form  of  vertical  ballon  lias  a  condensation 
cj  linder  and  a  pipe  leading  from  the  latter  into  the  combustion  chamber 
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of  the  furnace.  One  would  expect  that  this  arrangement  would  interfere 
with  the  discharge  of  vapor  from  the  retort  and  condenser,  either  by  pro¬ 
ducing  too  strong  a  suction  with  direct  firing,  or  too  great  a  back  pressure  if 
there  he  a  plenum  in  the  combustion  chamber.  The  cylinder  has  two 
openings  closed  with  slides  for  the  removal  of  the  dust  collected.  Another 
vertical  prolong  invented  by  Palm,1  is  shown  in  Fig.  372.  In  this  the 
gas  is  discharged  in  a  box  partly  filled  with  water,  the  gas  being  drawn 
through  the  water  into  the  combustion  chamber  of  the  furnace.  The  pro¬ 
long  invented  by  Hawel2  is  shown  in  Fig.  373.  The  gas  escaping  from  the 
condenser  enters  a  chamber  G,  whence  it  goes  through  the  lower  horizontal 
arm  of  the  ballon,  J  being  a  flue  for  the  final  escape  of  the  gas.  In  a  later 
form  of  the  Hawel  condenser,  a  tube  is  interposed  between  the  condenser  and 
the  chamber  G,  with  better  results,  it  is  said.  Another  type  of  vertical  con- 


Figs.  374  TO  377.  Horizontal  Prolongs. 


denser  is  a  simple  cylinder  divided  by  a  diaphragm,  as  shown  in  Fig.  371, 
which  compels  the  gas  to  take  a  reversed  course  and  increases  its  line  of 

travel. 

Vertical  prolongs  are  especially  liable  to  gas  explosions,  the  draught  in 
them  sucking  in  air  through  any  leaks  there  may  be  and  also  through  the 
tap  hole  when  the  latter  is  opened  for  cleaning  the  condenser.  They  are 
free  from  the  danger  of  explosion  only  when  their  temperature  is  kept  below 
the  ignition  point  of  such  mixtures  of  gas  and  air  as  may  be  formed  in 
them.  The  horizontal  prolongs  are  much  less  liable  to  explosion.  Many 
forms  of  horizontal  prolongs  have  the  objection,  however,  that  they  dis¬ 
charge  the  poisonous  carbon  monoxide  gas  farther  into  the  furnace  house. 
In  order  to  obviate  that,  at  many  works  the  gas  is  ignited  at  the  end  of  the 
condenser.  Sometimes  air  is  admitted  at  the  junction  between  the  con¬ 
denser  and  the  prolong,  in  which  case  the  gas  escapes  from  the  end  of  the 

1  German  patent.  No.  9C>72. 

2  German  patents,  Nos.  57,385  and  61,740. 
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latter  partly  burned ;  this  method  has  the  disadvantage  that  the  prolongs 
are  run  very  hot. 

Horizontal  Ballons. — The  simplest  forms  of  horizontal  prolongs  are  a 
long  sheet  iron  cone  of  which  the  large  end  is  slipped  over  the  nose  of  tin? 
condenser  and  a  long  canister  in  the  form  of  a  truncated  cone,  with  an 
escape  hole  at  s,  as  shown  in  Fig.  374.  The  latter  form  is  sometimes  luted 
tightly  on  the  nose  of  the  condenser,  and  sometimes  merely  set  loosely 
thereon.  In  the  former  case  the  gases  must  necessarily  escape  entirely 
through  the  hole  s;  in  the  latter  case  they  escape  partly  through  s  and 
and  partly  at  the  union.  In  the  case  of  the  large  Bhenish  and  Silesian 
condensers,  connection  is  made  between  the  latter  and  the  prolong  by  means 


H<Hi"  m  ~dh5>  1“ 


Figs.  378  and  379. 
Mielc hen’s  Ballon. 

(Original  form.) 

Fig.  .378 :  Vertical  section. 
Fig.  all) :  Horizontal  section. 


of  a  short  tube.  Another  form  of  horizontal  prolong  is  shown  in  Fig.  375. 
This  has  a  diaphragm  n,  which  compels  the  gas  to  take  a  longer  course, 
while  in  the  lower  part  are  placed  vertical  sieves  mm,  which  increase  the 
friction.  If  such  sieves  be  introduced,  a  tap-bole  at  the  end  of  the  ballon 
is  of  course  useless  and  the  ballon  is  necessarily  removed  in  order  to  remove 
obstructions  in  the  condenser.  By  discharging  the  gas  from  the  hole  o, 
where  it  is  frequently  ignited,  there  is  the  advantage  that  it  is  set  free 
nearer  the  facade  of  the  furnace  and  has  a  better  opportunity  to  escape 
through  the  ventilator  in  the  roof  of  the  building.  With  ballons  of  this 
design  explosions  are  rare,  though  they  are  not  entirely  free  from  danger. 
A  ballon  invented  by  Recha1  is  shown  in  Fig.  376.  This  consists  of  two 

1  German  patent,  No.  12,7G8. 
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superimposed  cylinders,  of  which  the  lower  has  a  self-acting  valve  c,  and 
the  upper  a  cleaning  and  explosion  cover  b.  The  gas  escapes  through  the 
hole  a  under  a  hood  attached  to  the  furnace.  Bugdoll’s  ballon,  Fig.  377,  is 
simply  a  horizontal  cylinder  with  a  valve  b,  and  a  hole  a  stopped  with  a  filter 
of  some  suitable  fine  material  through  which  the  gas  escapes. 

Combination  Ballons. — Of  the  combination  ballons  the  most  important 
are  those  invented  by  Mielchen  and  Steger.  The  former,  which  is  used  at 
the  Hugohiitte,  Upper  Silesia,  is  a  very  elaborate  construction.1  It  is  illus¬ 
trated  in  Figs.  378  and  379.  One  ballon  is  provided  for  each  niche  of  the 
furnace.  The  gas  from  two  condensers  aa  passes  through  two  tubes  bb 
into  the  horizontal  cylinder  m,  which  cylinder  has  two  perforated  plates  cc 
through  which  the  gas  has  to  pass.  The  gas  then  rises  through  the  vertical 


Fig.  380.  Mielchen’s  Ballon. 

Modified  form. 


pipe  h  into  a  cylinder  »,  which  stands  on  the  perforated  plate  g.  The  op 
the  cylinder  a  is  also  closed  with  a  perforated  plate  through  which  the 
“as  has  to  pass,  being  led  thence  downward  in  the  direction  of  the  arrows 
KLL  closely  inside  of  the  external  cylinder  is  a  cylindrical  coil  of  sheet 

•  ,  ! I  through  which  the  gas  rises  in  the  direction  of  the  arrows,  escaping 
LTllv  ;h“ough  the  holes  A.t  The  external  cylinder  has  hand-holes  BB? 

The  Mielchen  ballon  described  above  has  been  criticised  by  Doctor  \  ,c- 
,  ateger  in  bis  paper  entitled  “Verdichtnng  der  Metalldampfe  m  Zink- 
,ten  ”*  His  criticisms  arc  obviously  sound.  A  slight  leakage  gives  rise 

*  “the  danger  of  explosion,  which  may  be  serious  while  any  indentation  of 
?  ntside  cylinder,  which  may  easily  happen  in  handling,  binds  the  cyhn- 

'l  al  coil  so  that  it  cannot  be  easily  removed.  The  apparatus  is  very 

“rlCa  ^  9  Sanimlung  cbemUcber  und  cbemisch- 

,  German  P«t«jO  0  f'  nuettenarbelter,  teebniseber  Vortriige,  I.  il,  62. 
aSaegei* 

Jena,  1895. 
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heavy,  which  makes  it  difficult  to  handle,  and  after  each  period  of  distilla¬ 
tion  it  must  be  taken  apart  and  put  together  again,  and  the  dust  arising 
during  its  removal  is  injurious  to  the  men.  With  careless  handling  there 
is  no  end  to  the  repairs. 

A  modified  form  of  the  Mielchen  ballon  is  shown  in  Fig.  380.  In  this 
the  complicated  internal  arrangement  is  omitted  and  the  outside  cylinder 
,  contains  simply  a  series  of  perforated  plates,  supported  by  a  rod  hanging 
i  from  the  top.  These  plates  present  a  comparatively  large  friction  surface  for 


Fig.  381.  Steger's  Prolong. 

Adapted  to  Silesian  furnace. 


the  deposition  of  particles  of  dust  and  to  a  considerable  extent  compel  the  gas 
to  rise  at  the  periphery  of  the  cylinder  where  the  cooling  action  of  the  air 
is  strongest. 

The  elaborate  prolong  invented  by  Steger  is  in  use  at  the  Lazyhutte,  near 
Brut  hen,  T  pper  Silesia.  It  is  illustrated  in  the  accompanying  engravings 
which  are  so  obvious  that  they  require  no  particular  description.  Fig.  381 
illustrates  the  arrangement  with  an  ordinary  Silesian  furnace  with  one 
row  of  retorts,  the  condensers  of  two  retorts  being  united  in  a  single  system. 
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r  Mttr  "r stoger  1)1010,183 

■■■—  »•  :  ££sr  «t; 

of  hose  arrangements  it  is  necessary  to  set  the  vertical  members  of  the 

denser!  «  7-  ‘  ,n0t  iuUttm  with  ™‘™nee  into  the  con- 

densers  Steger  c  aims'  that  this  is  the  most  efficient  of  all  prolongs,  com- 

pcllmg  the  gas  to  take  the  longest  and  most  circuitous  course  and  exposing 


/ 


(mo  He  claims  that  it  cools  the  gas  irom 

t  to  the  greatest  cooling  ^  with  perforated  plates 

,00”  C.  to  40°  or  00  C.  T  P  P,rh  JJ  may  be  burned  at  e,  or  it  may 

«,  which  are  hung  from  the  rod  c.  *  n  and  burned  there.  It 

,o  led  through  a  tube  d  into  a  n0  zinc  is  present.  Owing 

■urn.  with  a  pure  violet ^ame.  mdicat^  g  ^  „{  cjpl„si„n  m  the  con- 

o  the  strong  cooling  o  ie  ‘ 

enser.  .  „  t0  the  Rhenish  and  Belgian  furnaces,  Steger 

In  adapting  his  condenser  to  the  ^ 
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makes  the  tubes  which  serve  the  lower  rows  the  longer,  if  the  furnaces  are 
fired  in  such  a  way  that  the  lower  rows  are  the  hotter;  if  the  upper  rows 
are  the  hotter,  the  upper  ballons  are  made  the  longer.  For  use  with  Belgian 
furnaces,  he  recommends  that  five  retorts  of  a  row  be  combined  in  one 
system.  When  it  is  necessary  to  tap  zinc  from  the  condensers,  the  entire 
ballon  system  must  be  removed,  of  course.  It  is  recommended  that  all  the 
pipes  have  the  same  height,  as  shown  in  Figs.  382  and  383,  in  order  to  insure 
an  equal  removal  of  the  gas.  However,  this  prolong  has  not  yet  found 
application  with  Belgian  furnaces. 


XIII. 


REFINING  IMPURE  ZINC  AND  COMPOSITION  OF  COMMERCIAL 

SPELTER. 

In  general  the  crude  spelter  drawn  directly  from  the  condensers  is  suffi¬ 
ciently  pure  to  be  utilized  without  refining.  This  is  not  due,  however,  to 
chance,  but  on  the  contrary  to  a  careful  selection  of  the  ores  to  be  dis¬ 
tilled  so  that  the  percentage  of  impurities,  especially  lead,  which  may 
contaminate  the  spelter  is  limited.  This  is  possible  only  when  sufficient 
good  ore  is  available  to  dilute  the  impurities  of  the  inferior  ore  to  the 
proper  degree ;  when  only  one  kind  of  ore  is  to  be  had  the  character  of  the 
spelter  will  correspond  to  the  character  of  the  ore.  If  the  ore  contain  only 
a  moderately  high  percentage  of  lead  the  spelter  will  also  contain  lead  and 
frequently  too  much  to  make  the  metal  marketable  without  a  previous 
refining.1  In  speaking  of  refining  impure  zinc,  the  removal  of  excessive 
lead  and  iron  contents  alone  are  referred  to,  since  those  are  not  only  the 
commonest  and  most  objectionable  impurities,  but  also  they  are  the  only 
ones  of  which  the  separation  can  be  readily  and  economically  effected.  That 
is  done  by  remelting  the  crude  spelter  in  a  reverberatory  furnace,  whereby 
the  larger  part  of  the  lead,  by  reason  of  its  greater  specific  gravity  (114) 
separates  from  the  lighter  zinc  (sp.  gr.  6- 86  to  7-1G)  and  settles  to  the 
bottom,  while  an  iron  alloy  (hard  zinc)  separates  between  the  lead  and 
the  zinc,  and  mechanical  admixtures  and  oxides  collect  on  the  surface  as 
dross.  The  extent  to  which  the  iron  content  of  ordinary  spelter  can  be 
reduced  by  gravity  separation  appears  to  be,  however,  rather  small. 

The  foregoing  remarks  as  to  the  purity  of  the  spelter  being  determined 
by  the  character  of  the  ore  require  some  qualification,  inasmuch  as  the 
spelter  made  from  the  same  charge  of  ore  will  be  found  to  vary  in  com¬ 
position  according  to  the  conditions  of  the  distillation  and  the  methods  of 
handling  the  molten  metal.  Tn  general  the  spelter  distilled  at  a  compara¬ 
tively  low  temperature  is  purer  than  that  which  is  distilled  at  a  high  tem¬ 
perature.  For  that  reason  the  first  drawing  of  metal  is  likely  to  be  of 

1  Refer  also  to  page  503. 
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better  quality  than  the  second  and  third,  and  it  is  sometimes  worth  while 
to  keep  it  separate,  as  is  done  by  certain  smelters  at  Iola,  Kan.  The 
method  of  handling  the  molten  metal  is  also  important.  All  ordinary 
spelter  receives  undoubtedly  a  part  of  its  iron  content  from  the  tools  by 
which  it  is  drawn  from  the  condensers  and  the  kettle  in  which  it  is  col¬ 
lected,  the  ability  of  molten  zinc  to  form  an  alloy  with  iron  being  demon¬ 
strated  in  the  process  of  galvanizing.  At  Pulaski,  Ya.,  where  it  is  aimed 
to  produce  a  spelter  absolutely  pure  from  iron,  or  almost  so,  the  molten 
metal  is  never  permitted  to  come  in  contact  with  an  iron  tool  or  vessel. 

The  value  of  spelter  increases  in  proportion  to  its  purity.  In  order  to 
possess  the  high  degree  of  fluidity  which  is  indispensable  for  the  casting  of 
perfect  statuary  or  works  of  art,  and  the  ductility  and  tenacity  necessary 
for  such  flne  sheet  brass  as  is  used  in  making  cartridges  and  for  spinning 
brass,  the  spelter  must  be  practically  free  from  all  other  metals.  High 
grade  spelter  is  also  required  for  photo-engraving  plates,  for  the  purpose  of 
coining  and  as  a  chemical  reagent. 

The  Societe  Anon  vine  de  la  Yieille  Montagne  classifies  its  spelter  as  fol¬ 
lows:  (1)  Zinc  extra-pur;  (2)  zinc  fonte  d'art;  (3)  zinc  laiton;  (4)  zinc 
a  galvanisation.  The  first  is  almost  chemically  pure  and  corresponds  to  the 
American  high  grade  spelters.  The  second  is  a  superior  grade  of  metal,  used 
for  casting  objects  of  art.  The  third  and  fourth  are  respectively  the  ordi¬ 
nary  grades  of  metal  supplied  for  brass-making  and  for  galvanizing  iron. 

Miscibility  of  Lead  axd  Zixc. — The  miscibility  of  molten  lead  and 
zinc  and  the  saturation  point  of  the  solutions  conform  to  certain  physical 
laws,  which  were  discussed  by  E.  Heyn  in  Berg-  u.  Hiittcnm.  Ztg.,  LIX, 
47,  559  (November  23,  1900);  reference  should  be  made  to  that  paper, 
which  is  chiefly  of  scientific  interest,  by  those  who  desire  to  investigate  this 
subject  more  minutely.  Spring  and  Romanoff  determined  the  solubility  of 
lead  and  zinc  at  various  temperatures  as  shown  in  the  following  table: 


Lower  Stratum 

Upper  Stratum 

%  Pb. 

%  Zn. 

%  Pb. 

%  Zn. 

9S*8 

1*2 

’920 

■  •  • « 

’  *1*5 

*98*5 

8*0 

91*0 

9*0 

*  *2*6 

98*6 

89*0 

11*0 

3*0 

97*0 

86*0 

14*0 

5*0 

95*0 

83*0 

17*0 

7*0 

93*0 

79*0 

21*0 

10*0 

90*0 

75*0 

25*0 

14*0 

86*0 

59*0 

41*0 

25*5 

74*5 

Temperature 

°C. 


rm 

419 

450 

475 

514 

584 

650 

740 

800 

900 
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This  table  shows  how  the  percentage  of  lead  alloyed  with  zinc  increases 
with  the  temperature.  At  a  point  2°  or  3°  above  the  melting  point  of  zinc 
the  latter  still  retains  1*5%  Pb.  This  result  is  confirmed  by  the  experi¬ 
ments  of  Roessler  and  Edelmann.  In  refining  lead-bearing  zinc  by  gravity 
on  a  large  scale  it  is  found,  however,  that  the  lead  content  can  be  reduced 
to  the  limit  of  about  1%  ;  further  than  that  it  does  not  appear  possible  to  go. 
Tor  example,  a  crude  Silesian  spelter  assaying  2%  Pb  was  refined  down  to 
1-125%  Pb;  a  portion  was  then  kept  for  some  hours  in  a  molten  condition 
in  a  crucible  45  cm.  deep,  after  which  samples  taken  from  \arious  levels 
above  the  bottom  of  the  crucible  were  assayed,  with  the  following  results:1 


0  cm. 

1 

8  cm.  j  14  cm. 

22  cm. 

31  cm. 

39  cm. 

45  cm. 

1-120% 

1-124% 

1-125% 

1-119% 

1121% 

1123% 

1125% 

How  difficult  it  is  to  effect  a  further  separation  of  lead  from  zinc  is 
shown  by  an  experiment  by  Ross.2  He  permitted  a  pipe  1-3  m.  high,  filled 
with  molten  zinc  at  red  heat,  to  cool  gradually  during  eight  days,  when  the 
upper  part  of  the  bar  still  contained  0-5%  Pb;  experiments  in  centrifugal 
separation  gave  no  better  results.  Kraut8  asserts  that  the  percentage  of 
lead  in  the  plates  from  the  same  pouring  from  the  same  furnace  varies, 
and  remains  irregularly  distributed  even  after  the  remeltmg,  so  that  a 
correct  test  sample  (a  ladle  sample  is  best)  is  hardly  possible,  and  the  pur- 
chaser,  in  order  to  protect  himself,  must  stipulate  that  in  the  remeltmg  o 
the  zinc  no  portion  rich  in  lead  shall  settle  to  the  bottom. 

In  refining  zinc  by  gravity  separation,  the  temperature  of  the  bath 
onlv  influences  the  chemical  composition  of  the  zinc,  but  also  its  pin  sic, 
character.  For  instance,  satinized  sheets,  which  must  possess  luster  and 
hardness,  for  the  smoothing  of  paper  are  manufactured  from  metal  heated 
huffier  than  usual,  and  left  to  settle  thoroughly,  and  the  sheets  are  rolled 
of  tenor  and  more  slowly  at  a  temperature  lower  than  usual ;  tanners  sh^s 
which  serve  as  an  underlay  in  the  working  of  superior  skins,  are  made  of  a 

«neciallv  soft  and  gradually  cooled  zinc.  .  . 

Practice  m  Befiswo.— The  refining  of  spelter  is  something  which  is 

unpracticed  and  unknown  in  the  United  States,  where  the  ore  supply  is 
„enerallv  of  a  superior  quality  and  even  the  low**  grades  of  spelter  pro¬ 
ceed  are  comparatively  low  in  lead.  Tn  Ppper  Silesia  on  the  other  hand 
nearly  all  of  the  crude  spelter  is  comparatively  high  in  lead  and  eon- 

v  _  r.1  <  on  4  _  OOO 


1  steirer.  Sammlung  chemUctaer  mid  che- 
mlscta  tecbnlBcber  Vortriige,  1806.  I,  H.  79. 


5  Berg-u.  IlUttenm.  Ztg.,  1804.  p.  320. 

8  Zeits.  f.  aualyt.  Cliem.,  1880,  p.  2(59. 
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sequently  requires  to  be  refined.  It  is  natural,  therefore,  that  the  refining 
process  has  received  its  highest  development  at  those  works.  The  methods 
followed  at  the  sheet  zinc  rolling  mills  at  Birmingham,  England,  are,  how¬ 
ever,  quite  similar  to  the  Silesian. 

The  crude  Silesian  spelter  always  contains  lead,  the  amount  being  gen¬ 
erally  from  1-25  to  3%.  The  crude  spelter  of  the  Wilhelm  inch  iitte  carries 
about  3%  Pb,  and  that  of  the  Hohenlohehiitte  the  same  amount.  The 
Guidottoh iitte  at  Chropaczow,  on  the  other  hand,  produces  a  comparatively 
pure  metal,  which  contains  only  1-3%  Pb.  Analyses  of  various  crude 
Silesian  spelters  are  given  in  the  following  table: 


I 

% 

II 

% 

III 

% 

IV 

% 

V 

% 

VI 

% 

VII 

% 

VIII 

% 

IX 

% 

X 

% 

XI 

% 

Zn.  ... 
Pb..  .  . 
Fe.  ... 
Cd.  ... 
As.... 
Ag. .  .  . 

99-5SS 

1*326 

0*056 

0*030 

tr. 

9S*452 
1*493 
0033 
0*018 
0*002 
0  002 

98*441 

1*470 

0*033 

0*056 

tr. 

98*182 

1*705 

0*057 

0*056 

tr. 

97*243 

2*171 

0054 

0532 

tr. 

98143 

1*742 

0039 

0*076 

97*530 

2-409 

0*031 

0*030 

97*3340 

2*6140 

003(H) 

0*0206 

0*0014 

9S'3631 

1*5240 

0*0995 

0*0110 

0*0024 

9S123 

1*853 

0*020 

0*003 

'  98  296 
1*672 
0023 
0*001 

C . 

0.001 

0005 

Totals. 

. 

100*000  100*000 

100*000  100*000 

100-000 

1 

(  100*000^  100  000 

lOO'OOOO  100  0000  100-000 

100*000 

I.  Spelter  from  roasted  blende,  Paulshtitte. 

II.  Spelter  from  calamine,  Paulshiitte. 

Ill  and  IV.  Spelter  distilled  from  a  charge  of  25%  roasted  blende  and  75%  calamine, 
Paulshiitte. 

V.  VI  and  VII.  Spelter  distilled  from  oxidized  flue  dust,  raulshiitte. 

VIII  and  IX.  Spelter  from  another  works. 

X  and  XI.  Spelter  from  Roeam undehilt te. 


Iicmelting  Furnaces. — For  the  remelting  of  the  crude  zinc  there  are 
employed  in  Upper  Silesia  reverberatory  furnaces  5  to  6  m.  long,  2-75  to 
3-2  m.  broad  in  front,  2-75  to  3-2  m.  at  the  back,  and  1-8  to  1-9  m.  high,1 
with  two  grates  at  one  of  the  ends  and  a  hearth  of  tamped  clay  sloping 
about  3°  toward  the  ladle  door  at  the  other  end,  in  front  of  which  a  sump 
is  hollowed  in  the  hearth.  Between  the  two  fireplaces  is  the  charge-open¬ 
ing,  from  which  a  sloping,  longitudinally  corrugated  iron  plate  leads  to  the 
hearth.  The  sump  in  the  other  end  of  the  hearth  is  sometimes  separated 
from  the  furnace  chamber  by  a  thick  slab  of  refractory  material,  the  bottom 
of  which  resting  upon  fire  brick  in  the  hearth  dips  into  the  bath  of  metal, 
whereby  the  impurities  floating  on  the  surface  of  the  metal  are  kept  out 
of  the  ladling  pot.  The  gases  of  combustion  pass  from  the  fireplaces  over 
the  hearth  and  through  flues  in  the  arch  into  a  canal  over  the  latter  and 
thence  to  a  chimney  20  to  25  m.  high.  Frequently  the  products  of  com- 

1  Berg-n.  Htlttenm.  Ztg.,  1873.  200;  Ibid..  1877.  p.  100. 
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bustion  are  caused  to  circulate  around  chambers,  in  which  the  zinc  to  be 
rolled  is  heated,  before  reaching  the  chimney. 

The  construction  of  such  a  furnace  is  shown  in  Figs.  384  and  385.1  The 
hearth  is  formed  of  lean  clay  rammed  down  upon  a  brick  base.  The  door 
through  which  the  refined  zinc  is  ladled  out  is  shown  at  a.  Another  form  of 
furnace,  with  only  one  grate,  is  shown  in  Fig.  38G,  in  which  a  is  the  grate, 
b  is  the  bed  of  fire  clay,  c  is  the  sump,  e  is  the  door  through  which  the 
metal  is  ladled  out,  in  are  chambers  heated  by  the  flame,  in  which  zinc 
plates  and  sheets  can  be  heated;  and  f  is  the  flue  leading  to  the  chimney. 


The  crude  zinc  i.  charged  into  the  furnace  through  a  door  in  one  of  the 

long  sides,  near  the  fire  bridge.  The  hearth  .4 W  « .(«'  ”|5‘0“g 
qnd  2  m.  (6  ft.  6  in.)  wide;  the  lowest  point  of  t  c  , 

(1  ft  8  in.)  Mow  the  door  out  of  which  the  metal  is  lad  e  .  uc 
furnace  usually  contains  from  28  to  80  metric  tons  of  zinc  and  is  eapaUe 
of  refining  0  to  10  tons  in  St  hours,  with  a  consumption  of  90°  kfn  of  coal. 

f  - 

twif  grates  and  between  them  is  the  charging  door.  The  products  of  com- 

1  Berg-u.  Huttenm.  Ztg.,  1873,  p.  -90. 
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bustion  traverse  the  furnace  lengthways  from  the  grate  and  escape  through 
openings  in  the  roof  as  shown.  This  furnace  holds  30  metric  tons  of  zinc. 

Method  of  Operation. — The  slabs  of  crude  zinc  are  preheated  upon  the 
corrugated  iron  plate,  whence  they  are  gradually  pushed  into  the  bath  of 
molten  metal.  A  full  charge  is  from  20  to  30  metric  tons  of  zinc,  which  is 
fed  in  during  two  or  three  days;  the  temperature  is  not  raised  much  beyond 
the  fusing  point  of  the  zinc.  About  every  12  hours  the  dross,  consisting 
chiefly  of  zinc  oxide,  which  floats  on  the  surface  of  the  bath,  is  raked  upon 
the  sloping  iron  plate  at  the  charge  hole,  where  it  is  mixed  with  sal- 
ammoniac,  in  the  proportion  of  about  0-25  kg.  per  100  kg.,  to  free  it  from 


Fig.  386.  Spelter  Kerin  eng  Furnace,  with  One  Grate. 


adhering  particles  of  zinc,  after  which  the  residue  is  withdrawn  through 
the  charge  hole. 

In  order  to  avoid  oxidation  of  the  zinc,  which  is  of  course  highly  unde¬ 
sirable,  the  crude  spelter  must  be  melted  very  gradually,  at  the  lowest  pos¬ 
sible  temperature  and  the  flame  kept  as  reducing  as  possible,  i.e.,  the  coal  is 
burned  with  a  deficiency  of  air  so  that  the  products  of  combustion  will  be 
rich  in  carbon  monoxide.  When  the  furnace  has  received  its  full  charge  of 
vG  to  30  tons  of  zinc,  vhich  requires  two  or  three  days  in  starting  up  a 
new  campaign,  the  ladling  out  of  the  metal  is  commenced,  as  much  fresh 
zinc  being  then  charged  in  as  is  ladled  out,  or  approximately  9  to  10  tons 
per  21  hours.  From  the  bath  of  molten  metal,  which  is  kept  at  a  constant 
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level,  the  lead  settles  to  the  bottom,  while  the  iron  forms  with  the  zinc  and 
a  portion  of  the  lead  a  difficultly  fusible  alloy  which  floats  above  the  lead, 
and  uppermost  is  the  stratum  of  pure  zinc.  By  means  of  an  iron  rod,  the 
pure  zinc,  the  hard  zinc,  and  the  lead  are  easily  distinguishable  from  each 
other,  the  metallic  bath  feeling  soft  as  far  as  the  molten  zinc  extends, 
while  the  layer  of  hard  zinc  feels  mushy,  somewhat  like  ice  at  its  melting 
point.  The  layer  of  molten  lead  feels  soft  again.  The  mechanical  impuri¬ 
ties,  which  have  a  lower  specific  gravity  than  the  zinc,  separate  out  and 
float  upon  the  surface  of  the  bath  together  with  such  zinc  as  is  oxidized. 


Figs.  387  to  389. 
Refining  Furnace,  Used 

at  HOHENLOHEHtJTTE. 

Fig.  387 :  Horizontal  section. 

Fig.  388:  Longitudinal  vertical 
section. 

Fig.  389:  Transverse  vertical 
section. 


their  quantity  does  not  exccu  •  %  custom  formerly,  after  the  dross 
For  emptying  the  furnace /  ,  A  thc  zinc  and  then  the  lead,  after 

had  been  raked  away,  to  lac  e  fregh  lot  0f  crude  spelter.  This 

which  the  furnace  was  recharged  loRS  0f  time,  and 

practice,  however,  caused  a  great  ^ch  is  to  draw  off  the 

was  abandoned  in  favor  of  interrupting  the  work, 

lead  underlying  the  zinc  about  once  a  *e  Jn  Fome  casCs  the  lead  is 

and  to  recharge  continuously  mthfr^h^  ^  ^  1-3  to  14  m. 

removed  by  an  endless  screw  J7  p.  422:  moo,  p.  mo. 

1  Berg-  u.  HUttenm.  Ztg..  • 
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long  and  0-12  m.  diameter,  which  is  inserted  through  one  of  the  doors  on 
the  long  side  of  the  furnace.  The  screw  has  about  12  turns  and  90  to 
100  mm.  pitch.  The  pipe  has  a  spout  at  its  upper  end  through  which  the 
lead  runs  off.  The  screw  is  turned  by  means  of  a  crank.  This  apparatus 
is  employed  at  Lipine.  Another  device1  is  to  insert  in  the  bath  of  molten 
metal  a  large  iron  or  clay  pipe,  closed  at  the  lower  end  with  a  clay  plug; 
when  the  latter  is  knocked  out  the  lead  rises  in  the  pipe,  whence  it  is  ladled 
out.  At  the  Hohenlohehiitte  5000  kg.  of  zinc  are  ladled  out  every  12 
hours,  and  the  same  quantity  of  crude  zinc  is  added ;  the  lead  settled  out  is 
removed  every  eight  days. 


Figs.  390  to  392.  Ash’s  Spelter  Fefixing  Furnace. 


Fig.  300:  Longitudinal  section  through  center, 
dotted  line  of  Fig.  302.  Fig.  392  :  Side  elevation. 


Fig.  301  :  Transverse  section  on  the 


’When  the  zinc  is  to  be  drawn,  it  is  left  to  stand  for  about  one  hour,  so 
that  it  may  assume  a  uniform  temperature;  it  is  then  poured  with  gal¬ 
vanized  cast  iron  ladles  into  cast  iron  niolds.  It  saves  time  and  labor 
to  have  the  molds  so  that  they  can  be  brought  under  the  spout  one  after 
another  standing  upon  a  revolving  frame,  or  else  upon  a  car  moved  by  a 
suitable  mechanical  device  as  in  lead  refineries.  Another  way  is  to  arrange 
the  molds  in  a  semi-circle  and  fill  them  from  a  movable  spout.  The  zinc 
is  skimmed  in  the  molds  while  still  flnid,  and  then  is  covered  and  left  to 
cool  gradually,  whereby  the  metal  becomes  more  fibrous  and  pliant.  When 

n.  TTnttpnm.  Ztg..  isao,  p.  130. 
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the  refining  is  done  in  connection  with  a  rolling  mill  the  plates  of  refined 
metal  are  sent  to  the  breaking-down  rolls  while  still  hot. 

1  he  remo\  al  of  the  layer  of  hard  zinc  which  accumulates  in  the  refining 
furnace  is  generally  done  during  an  idle  time  of  the  furnace,  for  instance, 
when  repaiiing.  All  of  the  zinc  is  first  ladled  out,  the  lead  is  then  pumped 
out,  and  finally  the  pasty  mass  of  ferruginous  metal  is  removed  with  per¬ 
forated  ladles,  so  that  the  entrained  lead  may  drip  off. 

The  consumption  of  coal  in  zinc  refining  ranges  from  7-5  to  10%  of 
the  weight  of  the  metal  melted.  The  percentage  of  marketable  lead  recov¬ 
ered  depends  of  course  upon  the  tenor  of  lead  in  the  crude  spelter.  At  the 
Silesia  rolling  mill  in  1900  there  were  obtained  330  tons  of  lead  from 
1  <,843  tons  of  spelter ;  a  yield  of  1*85%  The  zinc  ashes  and  other  between- 
products  amounted  to  208  tons,  i.e.,  about  1*16%  of  the  weight  of  the 
crude  spelter.  The  ordinary  furnace,  of  9000  to  10,000  kg.  capacity,  re¬ 
quires  the  labor  of  one  smelter  and  one  helper  per  shift  of  12  hours. 

Quality  of  Metal  Produced. — The  refining  of  crude  spelter  by  gravity 
separation  enables  the  lead  contents  to  be  reduced  from  3%  or  more  to 
about  1  to  1-25%.  This  is  the  general  result  of  the  practice  in  Upper 
Silesia.  The  spelter  ladled  from  the  sump  nearest  the  underlying  lead  is 
richer  in  the  latter  metal  than  that  which  is  got  from  near  the  top.  This 
is  usually  cast  into  slabs  and  sold  separately  as  second-class  metal.  The 
lead  drawn  from  the  furnace  still  contains  a  percentage  of  zinc  and  is  sold 
for  purposes  for  which  that  impurity  presents  no  objection ;  or  else  the  lead 
is  refined  by  burning  off  the  zinc.  A  specimen  of  such  lead  assayed  4-24% 
Zn,  0-0008%  Fe  and  95-7G%  Pb.  The  hard  zinc,  rich  in  iron,  is  sold  for 
the  manufacture  of  Delta  metal,  Sterro  metal  and  similar  alloys.  The 
oxide  skimmings  are  mixed  with  ore  and  redistilled. 

Ash’s  Furnace. — A.  J.  Ash  has  patented  1  the  type  of  furnace  shown  in 
Figs.  390  to  392,  which  needs  no  special  description.  The  metal  passes  from 
one  sump  to  the  next,  the  impurities  gradually  settling  out,  giving  refined 
metal  in  the  last  sump. 

Direct  Refining. — The  metal  drawn  from  the  condensers  of  the  distil¬ 
lation  furnace  may  undergo  a  partial  separation  of  its  lead  in  the  collect¬ 
ing  kettle,  before  being  cast  into  molds,  so  that  the  portion  which  is  last 
poured  off  will  he  less  pure  than  that  which  is  first  decanted.  A  consider¬ 
able  quantity  of  lead  is  separated  from  the  spelter  in  that  manner  in  Upper 
Silesia.  This  idea  has  been  developed  further  by  Emil  ITerter,  of  Beuthen, 
Upper  Silesia,  who  has  lately  patented  an  improved  apparatus  for  separating 
lead  from  spelter  simultaneously  with  the  drawing  of  the  latter  from  the  con- 
1  United  States  patent,  No.  702  526,  June  17,  1902. 
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densers  of  the  distillation  furnace.  The  molten  spelter  is  tapped  into  a  kettle 
lined  with  refractory  material,  which  has  a  lip  on  one  side  and  at  the  bottom 
an  outlet  hole  fitted  with  a  goose-neck,  or  any  other  suitable  device,  for  draw¬ 
ing  off  the  lead  settled  from  the  spelter.  The  kettle  is  surrounded  by  a  jacket 
winch  is  arranged  with  fire-bars  at  the  bottom,  and  the  annular  space  be¬ 
tween  the  kettle  and  the  jacket  is  kept  filled  with  glowing  coke.  A  cover 
is  provided  to  close  the  annular  division  at  the  top.  The  whole  apparatus 
is  supported  on  trunnions  at  the  end  of  a  horizontal  arm  which  is  mounted 
on  a  movable  carriage.  The  zinc  is  allowed  to  remain  in  the  kettle  at  any 

desired  temperature  for  as  long  a  time  as  may  be  necessary  to  permit  sepa¬ 
ration  of  the  lead.1  r 


Separation  from  Zinc  of  Impurities  other  than  Lead.— Numerous 
methods  have  been  proposed  for  separating  from  zinc  impurities  other  than 
ead  in  the  dry  way,  but  most  of  them  are  inapplicable  on  a  large  scale, 
and  such  as  are  in  use  are  only  for  the  preparation  of  very  pure  spelter  for 
chemical  or  other  special  purposes.  Richards2  adds  aluminum  to  the 
molten  zinc  and  permits  the  latter  to  stand  for  some  time,  whereby  the  im¬ 
purities  other  than  lead  separate  and  rise  to  the  surface.  L’Hote,3  in 
order  to  expel  antimony  and  arsenic,  stirs  into  the  molten  metal  1  to  5 % 
°. , ^  roils  magnesium  chloride  to  volatilize  antimony  and  arsenic  chlo- 
n  simple  redistillation  of  the  crude  spelter  serves  as  a  refining 

process,  jut  unless  special  precautions  are  taken  the  loss  of  zinc  by  failure 
to  condense  makes  the  process  unprofitable.  Thus  an  experiment  at  an 
American  works  showed  that  a  product  assaying  99-90%  Zn  could  be  ob¬ 
tained  from  crude  Western  spelter  by  redistillation,  but  the  loss  amounted 
to  8  or  .)%.  Harmckel  distils  the  zinc  under  strong  pressure  and  con- 
n.  (.  le  vapor  in  \acuo,  whereby  the  more  volatile  constituents  go  off. 
Leseolur  first  smelts  the  crude  spelter  with  saltpeter  and  then  with  zinc 
c  rcu  c  <  rnin^  off  antimony,  arsenic,  sulphur  and  phosphorus;  but  iron, 
eac  an  coppe  r  cannot  be  expelled.  Selmi,  in  order  to  remove  the  arsenic, 

ip.  a  puce  o  sa  ammoniac,  fastened  to  an  iron  wire,  once  or  twice  into 
the  molten  zme,  holdmg it  firmly  lhe  bottom.  zinc  oxide  is  als0 

reduced  thereby.  Cumming  smelts  granulated  zinc  with  a  mixture  of  sul- 
phur  and  soda. 

Stolha  mires  three  parts  calcined  gypsum  with  one  part  pulverized  sul¬ 
phur  and  water  into  a  th.ck  paste,  forms  the  mass  into  halls  of  about  5  cm. 
diameter,  dr.es  them  on  a  wooden  stick,  and  dips  them  into  the  molten 
zinc,  when  sulphur  and  water  vapors  escape  with  a  violent  commotion  of 


1  British  patent,  No.  8175,  Apr.  20,  1901. 
*  United  States  patent,  No.  448,802.* 


*  Comptes  Kendus,  XCVHI,  1491, 
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the  metal  hath ;  after  a  while  the  outer  crust  of  the  halls  is  taken  off  and 
the  operation  repeated  several  times,  after  which  zinc  free  from  arsenic 
remains,  though  only  traces  of  iron  and  lead  are  removed.  Merton  for 
removing  copper  smelts  zinc  together  with  sulphur,  skims  off  the  metallic 
sulphides  which  are  formed  and  then  distils  the  zinc  under  pressure,  pour¬ 
ing  it  into  molds  cooled  hy  water.  According  to  Funk,  sulphur  and  carbon 
may  be  removed  by  repeated  melting  of  the  zinc  and  filtering  through  an 
asbestos  funnel.  If  molten  zinc  he  stirred  with  a  greased  wooden  rod 
and  brimstone  be  added,  metallic  sulphides  will  separate  and  collect  on  the 
surface;  the  addition  of  the  sulphur  is  continued  until  a  sample  shows  no 
arsenic  with  a  Marsh  apparatus.  Ende  thinks,  however,  that  traces  of 
fat  may  by  this  process  remain  in  the  zinc,  which  in  the  reduction  of  ferric 
oxide  salts  with  zinc  and  subsequent  titration  ol  ferrous  oxide  with  potas¬ 
sium  permanganate  may  cause  disturbance. 

Composition  of  Commercial  Spelter.— The  composition  of  the  princi¬ 
pal  commercial  spelters  is  shown  in  the  subjoined  tables,  from  which  it  will 
be  observed  that  the  range  is  within  comparatively  narrow  mu  >• 
American  high  grade  spelter  contains  onl\  0-  o  o 
0.02%  re.  The  Vieffle  Montagne  high  tom 

trolytic  spelters  are  slightly  inferior.  -  ™cri  e  about  1%  Pb  and 


The 
Pb  and  0-01  to 
Elec- 


0-05%  Fe  in  the  poorer. 
Western. 


man  grade  spelter. 


Reference 


COM 

Zn  % 

POoixi 

Pb  % 

Fe  % 

ca  % 

As  % 

Sb  % 

Cu  % 

Bi  % 

-Ag  % 

SiO,% 

s% 

- - 

tr. 

09981 

99*953 

99378 

? 

tr. 

0*027 

0.019 

0.0200 

0.0410 

0.0405 

'  6-078 

6-530 

6-  2390 

99  800 
99-500 
99  960 
999029 

0*4  io 
0*020 
0*0225 

0-0900 

00200 

00121 

i . 

c.  Mo 

xbara.  I 

:ng.  &  - 

Min.  Jo 

0-0019 

urn., 

0*0006 

>v.  25, 

n.  rassftlc  Z*«  CO,  —h* 

.  liicrh  tenor  rpnra. 


Je Spelter,  ’ 

M-SfflSLTS-r 

r-  V\  S  zinc  CO.  .  f  F  p.  pnnnington.  1S81. 

VII.  Lehigh  Zinc  analysis  of  r. 

viii  BtftU  _ 


574 


METALLURGY  OF  ZINC. 


COMPOSITION  OF  AMERICAN  WESTERN  SPELTER. 


Reference 

Pb% 

Fe  % 

Cd  % 

As  % 

Sh  % 

Cu  % 

Bi  % 

SiO,  % 

s  % 

c% 

I . 

00701 

0*0061 

0*6531 

0*6295 

0*6725 

0*4105 

0S723 

0*3063 

0*5875 

0*3765 

0*2513 

0*3990 

0*8100 

0*5460 

0*7173 

0*2863 

0*0095 

0*0315 

0*0546 

0*0523 

0*0233 

0*0283 

0*0357 

0*0390 

0*0475 

0*0320 

0*0200 

0*0260 

00603 

0*0590 

0*0353 

tr. 

0*0249 

0*1123 

0*0013 

. 

0*0346 

0*1374 

00035 

0*0741 

tr. 

tr. 

tr. 

tr. 

0*0601 

tr. 

tr. 

tr. 

0-1 775 
0  0016 

11 . 

Ill . 

0*0056 

tr. 

0*0011 

tr. 

tr. 

tr. 

tr. 

tr. 

0*0188 

0*2120 

tr. 

0*0190 

IV . 

tr. 

tr. 

tr. 

V . 

VI . 

tr. 

VII . 

VIII . 

IX  . 

X  . 

tr. 

tr. 

tr. 

XI . 

tr. 

XII  . 

0*0020 

0*0010 

XIII . 

XIV . 

I  and  II, Missouri  spelter.old  analyses  (Pack).  Ill  to  Xl.prime  western  spelter  reported 
by  W.  H.  Seamon,  in  Eng.  &  Min.  Joum.,  Nov.  14,  1896,  and  by  Suppan  (Bulletin  of  tbe 
Missouri  Mining  Club.  Vol.  I,  No.  2,  p.  51).  Sample  III  was  from  the  Glendale  works  of 
the  Edgar  Zinc  Co.,  So.  St.  Louis  (Carondelet),  Mo.;  IV,  from  Cherokee,  Kas. ;  V,  from 
Nevada,  Mo. ;  VI,  from  Pittsburg,  Kas. ;  VII  to  X,  from  Peru,  Ill. ;  XI,  from  Lasalle,  III. ; 
XII,  from  W  enona.  Ill.,  analyzed  by  A.  W.  Palmer;  XIII  and  XIV,  spelter  produced  by 
Cherokee-Lanyon  Spelter  Co.,  Kansas,  1900. 


COMPOSITION  OF  BELGIAN  AND  RHENISH  SPELTERS. 


Reference 

Zn% 

Pb% 

Fe  % 

Cd% 

As  % 

Sb  % 

SiO*  % 

s  % 

C 

I . 

1*460 

0*708 

0*040 

2*000 

0*022 

0*023 

0*012 

0*040 

II . 

99*031 

99*948 

97*890 

o-oi7 

nil 

0070 

0*006 

nil 

tr. 

0*175 

nil 

tr. 

0  002 

0022 

0*016 

Ill . 

IV . 

I.  From  Birkengang  works,  Stolberg. 

II.  Reported  by  W.  H.  Seamon  as  a  spelter  excellently  ndapted  to  sheet-rolling;  sample 
presumably  from  the  Soc.  Anon,  de  la  Vieille  Montague. 

Ill  and  IV.  Range  of  Vieille  Montagne  spelter  employed  for  the  manufacture  of  zinc 
white  (Ad.  Firket,.  Annales  des  Mines  de  Belgique,  VI,  ii,  210). 


COMPOSITION  OF  SILESIAN  SPELTER. 


Reference 

Zn  % 

Pb% 

Fe  % 

Cd  % 

As  % 

Sb  % 

Cu  % 

Bi  % 

Ag  % 

S  % 

I  . 

II  . 

III  . 

IV  . 

98S00 

98*910 

98*497 

98*193 

98*783 

98*240 

98*782 

98*930 

98*775 

98*852 

98*833 

98*868 

98*918 

1*080 

1*030 

1*4483 

1*7772 

1*1921 

1*7000 

1*1180 

1*0000 

1*1180 

1*1000 

1*1240 

1*1100 

10G20 

0*023 

0*017 

0*028 

0*028 

0*0238 

0*0200 

0*0240 

0*0300 

0*0200 

0*0300 

0*0240 

0*0200 

0*0170 

0*0340 

0*0150 

0*0245 

0*008 

0*002 

tr. 

tr. 

tr. 

tr. 

tr. 

0*0002 

tr. 

0*0017 

tr. 

0*0007 

tr. 

0*002 

tr. 

0*040 

V  . 

VI  . 

0*0002 

tr. 

VII  . 

VIII  . 

IX  . 

X  . 

YT 

0*0120 

0*0180 

0*0250 

0*0180 

0*0172 

0*0010 

0*0020 

0*042 

0*012 

tr. 

tr. 

0*0019 

0*022 

A! . . 

XII  . 

XIII 
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Industry^VII,  p.^eT  m  COmposition  o£  SilesIan  spelter  in  August,  1898  (The  Mineral 
Technology )r°m  Ge°rSShtttte’  aDalyzed  by  Schneider  and  Peterson  (Wagner’s  Chemical 

Chemical  ****  CH’  by  Schneider  and  Peters°a  (Wagners 

_  u  V-  From  ^ergwerksgesellschaft  G.  von  Giesche’s  Erben  (ReckehUtte),  analyzed  by 
Schneider  and  Peterson  (Wagner's  Chemical  Technology). 

\  I.  From  Ilohenlohehiitte ;  evidently  crude  spelter. 

\  II.  t  rom  Lazyhiitte,  reported  by  Steger ;  rated  a  very  good  grade  of  metal. 

VIII  to  X.  From  Paulshiitte,  reported  by  Steger.  Sample  No.  VIII  also  contained 
0-01%  thallium. 

XI.  From  Lazyhiitte,  reported  by  Steger ;  rated  a  very  good  grade  of  metal. 

XII  and  XIII.  From  Beuthenerhiitte,  according  to  E.  Jenseh. 


COMPOSITION  OF  OTHER  EUROPEAN  SPELTERS. 


Reference 

Pb% 

Fe  % 

Cd  % 

Reference 

Pb% 

Fo  % 

I . 

0*633 

0*032 

0*054 

IV.  . . 

0*536 

1*100 

1*030 

0*018 

0*150 

0*040 

II . 

0*541 

0*010 

V. 

Ill . 

0*3239 

0*0253 

.... 

VI . 

I.  From  Sagorhiitte,  Austria,  analyzed  by  Schneider  and  Peterson  (Wagner’s  Chemical 
Technology). 

II.  From  Sagorhiitte,  Austria,  analyzed  by  Prcivoznik  (Mittheilungen  aus  dem  K.  K. 
General  Probiramt  in  Wien,  1890-91). 

III.  From  Cilli,  Styria,  Austria. 

IV.  From  Johannisthal,  Carniola,  Austria. 

V.  From  Dombrowa,  Poland. 

VI.  From  Freiberg,  Saxony,  according  to  Doctor  Fohr.  This  sample  also  contained 
0-07%  Sn. 


COMPOSITION  OF  ELECTROLYTIC  SPELTERS. 


Reference 

Zn% 

Pb% 

Fe  % 

Cd% 

As  % 

Sb  % 

Cu  % 

Bi% 

Ag  % 

I  .... 

99*93 

99*9446 

99*2300 

99*93 

99*98 

99*98 

0*0600 

0*0341 

0*3500 

0*01 

0*0099 

0*2300 

tr. 

II  . 

tr. 

tr. 

0-0114 

0*0700 

III. 

IV 

.  t  . . . . 

v 

vi . : : 

0*0200 

I.  Spelter  produced  in  1893  by  the  Nahnsen  process  at  the  Silesiahiitte,  No.  II,  at 
Lipine,  Upper  Silesia  (private  notes). 

II.  Spelter  produced  in  1893  in  connection  with  the  Roessler-Edelmann  process  of 
lead  desilverization  (reported  by  the  Roessler  &  Ilasslaclier  Chemical  Co.,  of  New  York). 

III.  Spelter  produced  In  1897  by  the  Ashcroft  process  at  Cockle  Creek,  N.  S.  W. 

IV  and  V.  Spelter  produced  by  the  Iloepfner  process  at  Winnington,  England  (1898). 
V.  Spelter  produced  at  Duisburg,  Germany  (Oest.  Zts.,  1895,  p.  123.) 


Electrolytic  Refining  of  Zinc. — The  electrolytic  refining  of  impure 
zinc,  using  sheets  of  zinc  as  the  cathode  and  plates  of  the  impure  zinc  to  be 
refined  as  the  anode,  is  analogous  to  the  electrolytic  refining  of  impure  cop- 
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per,  but  simple  as  the  method  appears  from  the  theoretical  standpoint  it  is 
attended  by  numerous  practical  difficulties  which  are  so  serious  that  the 
process  has  not  yet  proved  applicable  on  a  large  scale,  notwithstanding  the 
unquestionable  usefulness  which  such  a  process,  if  capable  of  economical 
performance,  would  have  for  the  refining  of  the  zinc  contaminated  with 
lead  which  is  produced  in  Upper  Silesia  and  elsewhere.  The  difference 
between  a  process  for  the  electrolytic  extraction  of  zinc  from  ores  and  the 
electro-deposition  of  zinc  from  an  alloy  consists  in  the  supply  of  the  zinc 
in  the  former  case  in  the  electrolyte,  insoluble  anodes  being  employed,1 
while  in  the  latter  case  the  supply  of  zinc  in  the  electrolyte  would  be  de¬ 
rived  from  a  soluble  anode.  With  the  employment  of  soluble  anodes  the 
electrical  energy  developed  thereat  is  equivalent  to  the  energy  required  for 
the  deposition  of  zinc  at  the  cathode,  wherefore  all  that  has  to  be  supplied 
is  the  quantity  necessary  to  overcome  the  resistance  of  the  electrolyte,  effect 
the  migration  of  the  ions  and  make  good  the  loss  by  leakage;  consequently 
the  requirement  of  extraneous  energy  is  much  less  where  soluble  anodes 
can  be  employed  than  where  the  use  of  insoluble  anodes  is  necessary.  Not¬ 
withstanding  the  low  voltage  required  with  soluble  anodes  as  compared  with 
insoluble  anodes,  however,  the  electrolytic  refining  of  impure  zinc  has  so 
far  failed  to  be  economically  successful,  chiefly  because  of  the  difficulties 
involved  in  the  removal  of  the  impurities  and  the  great  care  and  skilled 
labor  required  in  the  production  of  a  deposit  of  zinc  that  can  be  rolled. 
The  result  of  the  experience  is  that  although  impure  zinc  can  be  refined 
electrolytically,  up  to  the  present  time  it  has  not  proved  commercially  suc¬ 
cessful  to  do  so,  except  in  the  case  of  the  impure  zinc  crusts  obtained  from 
the  desilverization  of  lead,  which  is  a  special  process  of  comparatively  little 
importance  in  the  metallurgy  of  zinc  proper. 

Nahmen  Process.  In  Upper  Silesia  the  electrolytic  refining  of  impure 
zme  by  the  Nahnsen  process  has  boon  tried  on  a  large  scale  at  the  Silesia- 
hutte  at  lupine.  The  product  handled  there  has  been  the  spelter  ladled 
from  the  sump  of  the  ordinary  refining  furnaee  nearest  to  the  underlying 
ead  which  is  richer  in  the  latter  metal  than  the  spelter  drawn  from  the 
top  of  the  bath ;  this  loady  product  is  usually  east  into  slabs  separately  and 
sold  as  second-class  metal.  For  the  electrolytic  refining  of  it  by  tl.o  Nahn¬ 
sen  process  it  is  cast  into  slabs  to  serve  a*  anodes,  similar  in  shape  to  the 
slabs  of  crude  copper  used  for  anodes  in  copper  refining.  The  Nahnsen 
process  as  applied  a  Tup, ne  consists  in  the  electrolysis  of  such  anodes  in  an 
electrolyte  composed  of  a  mixture  of  sine  sulphate  and  potassium  sulphate, 
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or  some  other  alkaline  sulphate,  maintained  at  a  temperature  of  122°  to 
140°  F.,  the  impurities  taken  into  the  electrolyte  from  the  anodes  being 
precipitated  by  means  of  zinc  dust.  The  electrolyte  contains  1-375  to 
2-75  oz.  (39  g.  to  78  g.)  of  zinc  sulphate  and  10-75  to  5-375  oz.  (304  to 
152  g. )  of  alkaline  sulphate  per  liter.  The  quantity  of  zinc  dust  necessary 
to  precipitate  the  impurities  is  calculated  from  the  composition  of  the 
crude  spelter.  Thus  if  the  latter  were  contaminated  with  1%  Cu  the  con¬ 
sumption  of  zinc  dust  for  the  deposition  of  1000  kg.  of  pure  zinc  would 
be  11  kg.  An  electromotive  force  of  0-5  to  1  volt  and  a  current  density  of 
120  amperes  per  square  meter  of  anode  are  employed  in  the  electrolysis. 
In  1893,  when  I  visited  Lipine,  the  electrolytic  plant  there  was  producing 
from  500  to  600  kg.  of  refined  zinc  per  day,  the  product  assaying  99-93% 
Zn,  0-06%  Pb  and  0-01%  Fe.  The  consumption  of  power  was  said  to  be 
approximately  30  h.  p.  per  day. 

Aside  from  the  plant  at  Lipine,  the  only  applications  of  the  electrolytic 
refining  of  zinc  that  I  am  aware  of  have  been  for  the  treatment  of  the  zinc 
crusts  obtained  in  the  desilverization  of  lead,  which  subject  is  of  interest 
to  the  lead  refiner  rather  than  to  the  zinc  smelter. 

Recovery  of  Zinc  from  Waste  Products. — The  process  of  galvanizing 
iron  and  steel,  in  which  a  very  large  percentage  of  the  production  of  spelter 
is  consumed,  results  in  a  considerable  quantity  of  waste  products  contain¬ 
ing  zinc,  which  are  resold  to  the  smelters  for  its  recovery.  These  waste 
products  are  known  as  dross,  sal-ammoniac  skimmings  and  oxide  skim- 
mings  (zinc  ashes).  The  skimmings  are  removed  from  the  surface  of  the 
galvanizing  bath,  the  sal-ammoniac  from  one  side  and  the  oxide  from  the 
other.  The  dross  is  the  ferruginous  zinc,  which  collects  as  ?  pasty  mass 
at  the  bottom  of  the  pots,  whence  it  is  removed  by  means  of  a  perforated 
ladle,  at  the  end  of  each  week,  and  slabbed  in  molds.  If  the  spelter  is 
high  in  lead  a  fourth  by-product,  viz.,  zinky  lead,  will  accumulate  in  the 
bottom  of  the  pot,  but  that  is  something  which  the  galvanizer  can  guard 
against  in  his  purchase  of  the  metal. 

o  1  ...  .-i  _  i* 


In  the  sheet  iron  galvanizing  practice  in  the  vicinity  of  Pittsburg, 

Penn.,  the  quantity  of  dross  produced  amounts  to  about  11-5%,  on  the 
n  ,,  1^ _ j  .  u.  in  Zn.  The  sal-ammomac 


1  Journal  of  the  Franklin  Institute.  CLI.  445  to  455 ; 
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zinc  from  galvanized  iron  scrap,  and  the  recovery  of  tin  from  tin  plate 
scrap. 

Tin  and  Galvanized  Iron  Scrap. — The  method  employed  for  the  treat¬ 
ment  of  this  material  consisted  in  immersing  the  tin  plate  scrap  in  c-hlor- 
hydric  acid  until  the  tin  was  dissolved,  followed  by  an  immersion  in  water, 
then  in  water  with  a  little  lime,  then  again  in  water,  and  finally  for  a 
moment  in  a  solution  of  copper  sulphate.  The  vats  containing  the  various 
solutions  were  arranged  in  a  semi-circle,  commanded  by  a  central  crane; 
they  were  6  ft.  in  diameter,  G  ft.  in  depth,  and  were  sunk  in  the  ground. 
The  scrap  was  packed  in  a  wooden  cage,  holding  200  lb.,  which  was  handled 
with  the  aid  of  the  crane.  The  object  of  dipping  the  cleaned  scrap  in  the 
solution  of  copper  sulphate  was  to  deposit  upon  it  a  thin  coating  of  copper 
in  order  to  protect  the  iron  from  rust,  until  after  consolidation  under  a 
drop-press  it  could  be  reheated  and  forged  into  blooms.  The  tin  was  recov¬ 
ered  from  the  chloride  solution  by  dipping  galvanized  iron  scrap  in  it, 
whereby  metallic  tin  was  precipitated  by  the  zinc  dissolved  from  the  iron, 
zinc  chloride  being  formed  by  the  reaction.  The  precipitated  tin  was  then 
collected  and  remelted,  and  the  zinc  chloride  was  sold  for  use  as  a  disin¬ 
fectant.  About  600  lb.  of  tin  were  recovered  from  10  tons  of  scrap.  The 
cleansed  iron  sold  for  $10  per  ton. 

Waste  Products  from  Galvanizing. — Sal-ammoniac  skimmings,  which 
consist  chiefly  of  zinc  oxide  dissolved  in  ammonium  chloride  and  double 
chloride  of  zinc  and  ammonium,  were  leached  with  hot  water  and  steam, 
whereby  the  chlorides  were  dissolved.  They  could  be  recovered  for  further 
use  as  galvanizing  flux  by  boiling  down  the  solutions  and  crystallizing  them 
out.  The  residuum  from  the  lixiviation,  consisting  of  zinc  oxide,  dirt  and 
shots  of  zinc,  was  tumbled  in  a  revolving  barrel  whereby  the  shots  of  metal 
were  cleaned  so  that  they  could  be  remelted  on  the  top  of  a  pot  of  molten 
zinc.  The  zinc  oxide  which  became  crushed  to  a  powder  was  marketable 
at  $30  per  ton  with  hianufacturers  of  zinc  paint.  The  average  yield  of 
such  skimmings  from  galvanizing  was  20%  spelter,  30%  ammonium  and 
zinc  chlorides,  35%  zinc  oxide  and  15%  iron  scale  and  dirt. 

Zinc  Dross. — The  zinc  dross  was  treated  by  melting  and  introducing  into 
the  molten  metal  (below  the  surface  thereof)  a  mixture  of  sulphur,  potatoes 
and  leather  scrap.  After  about  15  minutes,  action  having  been  completed, 
a  little  aluminum  was  introduced  in  order  to  break  up  dissolved  oxides. 
After  permitting  to  stand  for  a  short  time,  pure  metal  could  be  ladled  off, 
most  of  the  impurities  of  the  dross  remaining  at  the  bottom  of  the  pot.  A 
sample  of  40  carloads  of  spelter  obtained  in  this  way  assayed  98-35%  Zn, 
1-5%  Pb  and  0-15%  Fe.  Spelter  refined  a  second  time  by  the  same  process 
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contained  from  99  to  99*75%  Zn,  the  only  impurity  being  lead.  A  third 
refining  failed  to  raise  the  percentage  of  zinc  higher  than  99*85.  Scrap 
zinc  could  bo  treated  in  the  same  way.  The  aluminum  was  nrost  success¬ 
fully  introduced  in  the  form  of  an  alloy  containing  98%  Zn  and  2%  Al. 

Z inly  Lead. — The  zinky  lead  which  collects  at  the  bottom  of  galvanizing 
baths  was  treated  by  remelting  in  a  wide  pot  at  a  temperature  only  just 
above  the  melting  point  of  lead.  An  iron  ring,  2  ft.  in  diameter  and  6  in. 
in  depth,  was  placed  on  the  surface  of  the  metal,  and  the  zinc  was  skimmed 
off  within  the  ring  as  fast  as  it  rose  to  the  top  in  a  pasty  condition.  The 
lead  still  contained  about  2%  Zn  after  this  treatment;  a  further  elimination 
of  the  zinc  would  be  of  course  a  simple  matter  by  the  ordinary  refining 
process,  which  is  employed  in  connection  with  the  desilverization  of  lead. 
The  impure  lead  found  a  ready  market,  however,  for  the  manufacture  of 
weights,  counterbalances  and  for  use  as  ballast,  etc. 


XIV. 
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Physical  Proprieties. — Cadmium  is  a  metal  closely  allied  to  zinc,  with 
tlio  ores  of  which  it  frequently  occurs.  It  is  tin-white  in  color,  malleable 
and  ductile,  and  brilliant  in  luster  when  fresh,  but  becomes  dull  on  ex¬ 
posure  to  the  air.  Its  malleability  and  ductility  are  such  that  it  can  be 
beaten  out  into  thin  foil  and  drawn  into  wire.  When  heated  to  about  80° 
C.  it  becomes  very  brittle  and  may  be  powdered  easily,  resembling  zinc  in 
ns  peculiar  property.  It  breaks  under  a  gradually  increasing  strain  with 
the  characteristic  fibrous  fracture  of  a  soft,  tough  metal.  It  is  harder  than 
tm  but  softer  than  zinc;  when  deposited  elect  roly  tically  its  hardness  is 
sue  l  that  a  weight  of  4-5  g.  on  a  diamond  point  is  required  to  produce  a 

bent  1  Llk<i  tm’  CadmiUm  g*Ves  out  a  Peculiar  crackling  sound  when 

The  specific  gravity  of  east  cadmium  is  8-G04,  which  is  increased  to  8-G94 
by  hammering.  It  crystallizes  in  octahedra,  differing  in  this  respect  from 
zinc  which  takes  rhombohedral  forms.  Its  melting  point  is  31G°  C  ac¬ 
cording  to  Wood  320°  C.  according  to  Rudberg,  and  355°  C.  according^ 
\\agner  Its  boding  point  is  740-2°  C.  according  to  Becquerel  and  860“ 

.  aecon  mg  to  Devi  lie  and  Troost.  Recent  determinations  by  I).  Berthe- 
lot  have  f0™  that  the  true  boiling  point  is  between  those  figures  three 
ex„s  with  an  extreme  range  of  eight  degrees  giving  a  tnean  value 
. ,  C  •  R<  rth(‘lot  s  determinations  were  made  at  the  same  time  and  in 
the  same  manner  as  his  determinations  of  the  boiling  point  of  zinc  and 
are  without  doubt  more  reliable  than  any  of  the  previous  determination* 

In  boiling  cadmium,  an  orange-yellow  or  yellowish-brown  vapor  is  given 

* 

Cr2/’.nl0l\ar™PPOrted  by  Rher»r<1  Oowper- 
XMU  ro7e/eCtr,eal  Revlew  (London). 

‘  '  .  ’  ■*'  ’  ai,  1808,  represent  the 

reoulred°f  ^  °D  11  diamon(1  Polnt 

required  to  produce  a  scratch. 

2  Comptes  Rendus.  CXXXI.  vl.  880  to  38‘>  • 

Journ.  Soc.  Chem.  Ind..  Oct.  3.  1000. 


’According  to  this  scale  of  hardness, 
nickel  electroplate  Is  rated  at  10;  antimony 
electroplate  at  0;  palladium,  deposited 
bright,  at  8 ;  chromium  deposited  on  copper 
nt  7  ;  an  alloy  of  00-5%  cadmium  and  39-5% 
silver  at  5;  cadmium,  deposited  bright,  at 
4*t>;  and  burnished  silver  at  4.  These  fig- 
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off.  This  vapor  decomposes  water  with  the  formation  of  cadmium  oxide 
and  the  evolution  of  hydrogen.  When  cadmium  is  heated  in  the  air  to 
redness,  it  burns  to  a  yellowish-brown  oxide,  CdO. 

The  specific  heat  of  cadmium  is  0-05669  (Regnault)  or  0-0576  (Dulong 
and  Petit).  Its  electrical  conductivity  is  22-10  or  somewhat  lower  than 
that  of  zinc.1  Its  thermal  conductivity  docs  not  appear  to  have  been  deter¬ 
mined. .  Its  atomic  weight  is  112-3;  its  atomic  volume  12-9. 

Alloys. — Cadmium  alloys  with  many  of  the  heavy  metals  and  amalga¬ 
mates  with  mercury.  The  alloys  with  gold,  platinum  and  copper  are  brit¬ 
tle;  those  with  lead  and  tin  are  malleable  and  ductile.  With  silver,  cad¬ 
mium  forms  an  interesting  series  of  alloys  which  promise  to  be  of  consider¬ 
able  use  in  the  arts.  The  alloy  of  70%  Cd  and  30%  Ag  has  a  remarkable 
structural  formation,  which  causes  it  to  split  in  a  peculiar  manner  when  it 
is  rolled.  A  similar  occurrence  has  been  noted  by  other  observers  in  the 
case  of  the  alloy  with  66%%  Cd  and  33%%  Ag.  On  the  other  band  the 
alloy  of  66%%  Ag  and  33%%  Cd  is  said  to  be  very  tenacious.  Cadmium 
also  forms  alloys  with  aluminum.  Experiments  with  one  of  these  for  mili¬ 
tary  purposes  created  a  largely  increased  demand  for  cadmium  in  1897, 
which  led  temporarily  to  an  important  rise  in  the  value  of  the  metal,  the 
average  for  that  year  being  $2-70  per  kg.  against  about  $1-50  ordinarily. 

When  alloyed  with  lead  and  bismuth  cadmium  has  the  peculiar  effect  of 
still  further  lowering  the  melting  points  below  the  mean  of  those  of  the 
constituents,  which  property  makes  it  valuable  for  the  preparation  of  fusible 
metals.  Rose’s  metal,  which  is  composed  of  420  parts  of  bismuth,  20 1  parts 
of  tin,  and  236  parts  of  lead,  corresponding  to  the  formula  Bi2Sn2Pb,  melts 
at  93-75°  C.,  but  by  the  addition  of  8  to  10%  of  cadmium  its  melting  point 
is  brought  down  to  75°  C.  An  alloy,  known  as  Lipowitz  s  metal,  contain¬ 
ing  eight  parts  of  lead,  15  parts  of  bismuth,  four  parts  of  tin,  and  three 
parts  of  cadmium  becomes  pasty  at  55°  C.  and  completely  liquid  at  a  little 
above  60°.2  It  is  silver-white  in  color  and  9-4  in  specific  gravity.  The 
melting  point  of  solder  containing  37%  Pb  and  (><>%  Sn  is  reduce  to 
136°  C.  by  the  addition  of  8%  Cd  and  to  132°  C.  by  the  addition  of 

Cadmium  forms  several  amalgams  with  mercury.  1  hose  eon.  i.  tin..,  of 
50%  Cd  with  50%  Hg  and  33%%  Cd  with  66%%  Hg  are  remarkable  for 
their  malleability  and  cohesive  power.  These  amalgams  were  ormer  v 
used  by  dentists  for  stopping  teeth,  but  are  not  so  employed  now 

*  Lipowitz,  Dlngler's 


1  Prof.  II.  R  Armstrong,  In  Encyclopedia 
Brltannlca,  nth  cd..  V,  520.  gives  the  elec-  (  LMII.  . 
trlcal  conductivity  of  cadmium  as  23- 1 2  at 

<rc. 


Another 

Polytech,  .lourn.. 


a  uauer,  Dingler’s  Poly  tech.  Journ., 
CLXXV11,  134. 
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amalgam  composed  of  78*25%  Ilg  and  21*75%  Cd,  corresponding  to  the 
formula  Hg2Cd,  is  hard  and  brittle.1 

Chemistry. — The  chemical  behavior  of  cadmium  is  in  most  respects 
similar  to  that  of  zinc.  It  is  always  bivalent.  It  is  soluble  in  sulphuric, 
chlorhydric,  nitric,  sulphurous  and  acetic  acids.  Dilute  nitric  acid  is  the 
best  solvent.  Zinc  will  precipitate  cadmium  from  these  acid  solutions  in 
a  dendritic  form,  like  the  well  known  lead  tree.  Cadmium  can  also  be 
deposited  from  its  solutions  by  electrolysis.  Cadmium  decomposes  water 
when  its  vapor  is  allowed  to  interact  with  steam  at  a  red  heat.  When 


exposed  to  damp  air  cadmium  becomes  covered  rapidly  with  a  film  of 
suboxide,  but  as  in  the  case  of  zinc  this  oxidation  is  only  superficial,  the 
crubt  piotecting  the  subjacent  metal  from  further  change.  In  oxygen,  air, 
and  chlorine  cadmium  burns  in  the  same  manner  as  zinc  and  magnesium  do. 

the  most  important  chemical  compounds  of  cadmium  are  the  chloride, 
the  sulphide,  the  sulphate,  the  carbonate,  the  hydrate  and  the  cyanide. 

Cadmium  chloride ,  CdC’l,,  is  prepared  by  dissolving  the  metal,  or  its 
oxide,  in  chlorhydric  acid.  Like  zinc  chloride  this  is  a  volatile  substance 
at  comparatively  low  temperatures. 


Cadmium  sulphide ,  C’dS,  is  one  of  the  most  characteristic  compounds  of 
the  element.  It  is  a  beautiful  yellow  substance  which  is  precipitated  by 
i} drogen  sulphide  from  a  solution  of  a  cadmium  salt;  the  solution  should 
be  only  moderately  acid.  The  ability  to  precipitate  the  sulphide  from  acid 
solutions  is  another  distinguishing  characteristic  of  cadmium;  zinc  sulphide 
does  not  separate  except  from  neutral  or  alkaline  solutions.  The  shade  of 
the  precipitated  sulphide  of  cadmium  varies  according  to  the  conditions  of 
precipitation.  According  to  Niederlander2  cadmium  sulphide  of  a  pale 
yellow  color  is  produced  from  solutions  of  the  chloride  or  sulphate  when 
the  current  of  hydrogen  sulphide  is  interrupted  after  half  of  the  metal  has 
boon  precipitated,  when  the  gas  is  allowed  to  come  into  contact  as  little 

water  iC  Z' k  ^  Ilr''C,pitatc'  <“d  ««=  l»«cr  is  washed  with  hot 

water.  A  dark  yellow  precipitate  is  produced  hy  completing  the  reaction 

nth  constant  stirring  and  continuous  heating  during  the  operation  A 

10%  solu  ion  is  best  suited  to  the  production  of  both  the  pale  and  the  dark 

yellow  sulphide.  Orange  yellow  sulphide  is  produced  when  hydrogen  ^ 

chloride  "" “n  I""!™*  *«""  *»%  of  cadmium 

slanOw  tk  '  f  !n  chlorh^nc  "fKl-  Precipitate  heing  stirred  con- 
•  tantly  throughout  the  process.  Cadmium  sulnhirln  1  i 

hy  precipitation  with  an  alkaline  sulphide.  ‘  *  produccd  als0 


*  Encyclopedia  Brltannlra.  9th  edition  IV  (Ps 

*  Chem.  Ztg.,  1893,  No.  82. 
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Cadmium  sulphide  is  insoluble  in  dilute  acids,  but  is  soluble  in  concen¬ 
trated  chlorhydric  acid  even  at  ordinary  temperatures.  At  white  heat  it 
melts,  solidifying  upon  cooling  in  lemon-yellow  scales  of  a  micaceous  struc¬ 
ture.  When  the  precipitated  sulphide  is  heated  in  hydrogen  it  is  decom¬ 
posed,  forming  cadmium  vapor  and  hydrogen  sulphide,  which  if  cooled 
together  reunite  in  crystalline  form.  Cadmium  sulphide  is  employed  as  a 
constituent  of  yellow  pigments.  These  are  quite  permanent,  unlike  the 
lead  and  chromium  yellows  which  are  subject  to  more  or  less  discoloration 
when  exposed  to  atmosphere  in  which  hydrogen  sulphide  is  present. 

Cadmium  sulphate,  CdS04,  is  obtained  by  crystallization  in  a  manner 
similar  to  that  employed  for  zinc  sulphate,  but  it  is  not  analogous  to  the 
latter  in  composition  inasmuch  as  the  crystallized  sulphate  of  cadmium  is 
represented  by  the  formula  3CdS04-|-8H20.  The  anhydrous  sulphate, 
however,  is  simply  CdS04,  corresponding  to  ZnS04.  Cadmium  sulphate 
is  used  in  medicine  to  a  small  extent;  it  has  no  industrial  employment. 

Cadmium  Carbonate,  CdC03. — According  to  Remscn,  the  neutral  car¬ 
bonate  of  cadmium,  CdCO;„  is  precipitated  by  soluble  carbonates  from  acid 
solutions. 

Cadmium  oxide,  CdO,  is  reduced  to  metal  by  carbon  and  carbon  mo¬ 
noxide  in  precisely  the  same  way  as  zinc;  the  temperature  at  which  the  re¬ 
duction  takes  place  is  lower,  however,  than  in  the  case  of  zinc.  This  dif¬ 
ference  enables  a  separation  of  the  two  metals  to  be  made  in  a  dry  way 
and  is  the  basis  of  the  process  employed  for  the  commercial  production  of 
cadmium.  The  hydroxide  of  cadmium  is  soluble  in  ammonia,  but  is  in¬ 
soluble  in  an  excess  of  the  carbonates  of  potassium,  sodium  or  ammonium. 
Cadmium  hydroxide  differs  also  from  zinc  hydroxide  in  not  having  acid 
properties,  wherefore  it  does  not  dissolve  in  the  caustic  alkalies,  forming 
compounds  analogous  to  the  zincates.  Cadmium  oxide  is  normally  a  )rel- 
lowish  brown  substance;  consequently  the  presence  of  cadmium  is  objec¬ 
tionable  in  ore  or  spelter  that  is  to  be  used  for  the  manufacture  of  zinc  white. 

Cadmium  also  forms  a  suboxide,  Cd._,0,  which  is  a  green  powder ,  on 
treatment  with  acids  it  is  decomposed  into  metallic  cadmium  and  CdO,  the 

latter  combining  with  the  acid  used. 

Cadmium  cyanide,  Cd(CX)2,  is  formed  as  a  "hite  precipitate  "hen 
potassium  cyanide  is  added  to  a  fairly  concentrated  solution  of  a  cadmium 
salt.  Tt  dissolves  in  an  excess  of  potassium  cyanide  in  consequence  of  the 
formation  of  the  compound  K2Cd(CX)4.  This  salt  of  cadmium  is  em¬ 
ployed  especially  for  the  electrolytic  deposition  of  the  metal  (q.  v.). 

Uses.— Cadmium  is  used  chiefly  in  its  metallic  form  for  the  preparation 
of  alloys.  Tn  the  form  of  its  sulphide  it  is  employed  as  a  pigment,  which 
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is  too  costly,  however,  for  general  consumption  and  is  used  chiefly  by  artists. 
Cadmium  is  also  coming  into  use  to  some  extent  as  a  covering  for  other 
metals,  upon  which  it  is  deposited  electrolytically.  Its  inertia  to  chemical 
action  as  compared  with  zinc  and  brass  renders  it  suitable  for  coating  the 
terminals  and  connections  of  primary  and  secondary  batteries;  also  for 
coating  small  shot  for  sporting  purposes  and  steel  bullet  jackets,  in  the 
one  case  to  prevent  leading  of  tbe  barrels  and  in  the  other  to  prevent  corro¬ 
sion  of  the  steel.  Alloys  of  silver  and  cadmium  deposited  electrolytically 
are  finding  considerable  employment  as  described  in  a  subsequent  section 
of  this  chapter. 

Occurrence  of  Cadmium  in  Ores. — Cadmium  occurs  in  nature  in  the 
form  of  its  sulphide,  CdS,  as  the  mineral  greenockite  or  cadmium-blende,  an 
orange  yellow  mineral  of  4*5  to  4-908  specific  gravity,  which  crystallizes  in 
the  hexagonal  sj’stcm  and  contains  77-6%  Cd.  This  mineral  is  of  rather 
rare  occurrence  and  is  of  no  commercial  importance,  the  cadmium  of  com¬ 
merce  being  obtained  entirely  from  cadmiferous  blende  and  smithsonite, 
especially  the  Upper  Silesian,  which  are  noteworthy  for  their  tenor  in 
cadmium.  The  latter  is  not,  however,  by  any  means  so  high  as  the  2% 
to  5%  as  is  stated  in  many  metallurgical  text-books,  at  least  not  in  the  ore 
at  present  mined  in  Upper  Silesia. 

1  he  subject  of  the  cadmium  tenor  of  zinc  ores  has  been  studied  by 
Edmund  Jensch  in  a  most  painstaking  manner,  with  the  result  that  but  few 
zinc  ores  were  found  to  contain  more  than  0-5%  of  that  metal.1  In  10 
years  investigation  he  failed  to  find  an  Upper  Silesian  ore  with  more  than 
0-3%  Cd.  I  have  summarized  the  results  of  Herr  Jensch’s  analyses  in  the 
following  table : 


Source  of  the  oro 


RamueBglilckgrube,  near  Beuthen,  O.  S  . 
Grosserschacht ,  near  Birkenhain.  O.  S. 
Neu-Viktoriagrube,  near  Karf,  ().  S 

•*  •<  *«  «  4  4  4«  * 

Neu-Helenegrulx!,  near  Rcharlcy,  O.  S. 

44  44  44  (4  *  || 

Aufschlussgrubc ,  near  Beuthen,  O.  S.  . 

Neuhofgrul>e .  . 

M&rUgrube,  near  Miechowit*.  <  >.  S. 


I\ramersgluekgrul>e,  near  Beuthen,  ().  S. 
Karl  Gustavgrube,  near  Tar  no  wit*,  O.  S. 
Meilar<hjsi?nilH\  near  Stollarzowitz,  O.  S. 
Klcmigkeitgnilje.  near  Radzionkau,  O.  S. 

SamueKgliickgrubo . 

Karolinewunschgrulie . 


Class 

|  No.  of 

Analyses 

Blende 

5 

2 

if 

8 

a 

3 

a 

3 

Calamine 

1 

Blende 

2 

1  i 

T 

Calamine 

2 

l 

44 

1 

11 

1 

? 

0 

Calamine 

1 

1 

Highest 

Lowest 

0*124% 

0*130 

0*1  in 
0*259 
0*160 

0*040% 

0*116 

0*044 

0*198 

0  124 

0*106 

0*140 

0*240 

0  224 

0*022 

0*004 

Average 


0095% 
0123 
0  008 
0*230 
0143 
0*  1 80 
01 53 
0*172 
0*232 
0*300 
0*028 
0*090 
0*012 
0  191 
0*009 


chemischer  un*  cRenR.R-tecRn^  Vor^fl,  ^ 
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The  average  cadmium  tenor  of  all  the  Upper  Silesian  ore  examined  was 
only  0-102%. 

A  large  number  of  analyses  of  blendes  from  many  parts  of  Europe 
showed  the  presence  of  cadmium  in  most  of  them,  but  generally  only  in 
minute  quantity.  The  richest  was  a  sample  of  208  tons  of  black  blende 
loaded  at  Abo,  Finland,  in  1890,  which  contained  0-40%  Cd,  together 
with  3443%  Zn  and  G-22%  l'b.  Large  quantities  of  Swedish  blende 
showed  0-2  to  0-4%  Cd.,  while  the  blende  from  the  Cantabrian  coast  (San¬ 
tander)  of  Spain  is  known  to  contain  0-3  to  0-4%  Cd.  Apparently  these 
Spanish  ores  and  those  from  Sweden  and  Finland  are  the  richest  in  cad¬ 
mium  of  what  is  marketed  in  Europe  at  the  present  time.1 

Metallurgy. — The  methods  of  cadmium  winning  are  simple,  depend¬ 
ing  on  the  difference  in  temperature  at  which  it  and  zinc  are  reduced  and 
volatilized.  In  roasting  blende  containing  cadmium  sulphide  the  latter  is 
oxidized  together  with  the  zinc.  Either  because  cadmium  oxide  is  volatile 
at  the  temperature  which  prevails  in  the  roasting  furnace  or  because  of  the 
reduction  of  the  oxide  by  the  carbon  and  unburned  carbon  monoxide  in 
the  gases  of  combustion,  and  the  volatilization  of  the  metal  so  reduced, 
there  is  a  large  loss  of  cadmium  in  the  roasting  furnace,  as  has  been  pointed 
out  by  Jensch,2  who  cites  an  instance  wherein  an  ore  assaying  0-110%  Cd. 
before  roasting  (i.e.,  about  the  average  of  the  Upper  Silesian  zinc  ore) 
showed  only  0-042%  after  roasting,  a  loss  of  Gl-8%.  The  dust  collected  m 
the  flues  connected  with  the  roasting  furnaces  always  contains  cadmium, 
though  seldom  more  than  2%.  A  sample  of  such  flue  dust  from  the  Hohen- 
lohehiitte  assayed  1-64%  Cd.;  from  the  Godullahiitte,  2-02%;  from  the 
Beuthenerhiitte,  0-35% ;  and  from  the  Kunigundehiitte,  0-22%.  About 
40%  of  the  cadmium  in  roasting  furnace  flue  dust  exists  as  sulphate  soluble 


in  water. 


The  cadmium  oxide  remaining  in  the  roasted  ore  is  reduced  in  the  retorts 
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going  partly  into  the  spelter  and  partly  into  the  blue  powder,  from  the 
latter  of  which  it  may  be  recovered.  If  cadmium  is  to  be  saved,  the  first 
deposit  in  the  condensers  and  prolongs  is  collected  apart  and  reserved  for 
further  treatment,  usually  that  which  is  deposited  during  the  first  two  hours 
of  the  distillation.  This  may  contain  8%  Cd,  but  the  percentage  is  gen¬ 
erally  less  than  six.  The  zinc  dust  subsequently  collected  is  unlikely  to 
contain  more  than  1-2  to  2%  Cd.  In  Upper  Silesia  where  the  Dagner  and 
lv Iceman  condensers  arc  now  generally  used,  wherewith  the  escaping  fume 
is  conducted  to  a  collecting  chamber  through  one  large  pipe,  the  cadmium 
which  escapes  condensation  is  burned  to  oxide  and  is  deposited  in  the  part 
o  ie  pipe  nearest  the  furnaces,  whence  it  is  removed  periodically  or  when 

he,;  p  n;g:hambers  are  Cleanod  0Ut*  This  fume  “V  contain  as  much 
a  m  4  \  m  g(?n0ral  i4  18  collected  80  as  to  assay  from  3  to  4% 

is  3^1  TTf  T™1"80  °£  ca,1,,,ium  in  the  Upper  Silesian  ore 
■  Small>  Probably  not  more  than  0-1%,  the  tonnage  of  ore  smelted 

1S  &°  gre^t  that  lts  total  cadmium  contents  are  large.  The  losses  in  the 
process  of  smelt  mg  are,  however,  enormous.  It  has  already  W  men  Lee 
at  something  like  40%  is  lost  by  volatilization  during  the  roastin,  when 

‘L:“rr  ^  r  rba%  °n,y  * 

ore  further  la  roe  1  '  ‘  In  the  Slll,'sf' distillation  of  the  roasted 
metal  which  is  m  eXpenenced  througl,  ^ilure  to  condense  the 

7^,  +l  4  °  V°latlle  and  tberef°re  more  difficult  to  condense  than 

zinc,  through  its  going  into  the  spelter  and  thereby  becoming  lost  as  cad 

m.um,  and  through  absorption  of  cadmium  vapor  by  the  clay  of  th  retorts' 

Sile  iaL'LT  Str,  ‘"f8  tT",°tiS0  H  ™  P°intC<1  ^ 
the  L  ’  ?  kg'  of  cadmmm  “o  probably  lost  annually  in 

Z  ThI  maXiraUm  production  cad, nil*  in 

an  average  of*  025% Cd \  i”8  *',***  th°  Si'esian  •PeHer  contains 

of  cadmium  The  ,  f  1  •  ’  *  “  Production  carries  about  25,000  kg. 

cadmium.  The  cadmium  recovered  and  sold  as  such,  toother  with  that 

Indus  marketed  as  spelter  and  that  which  is  supposed  to"  be  absorbed  l.v 
the  retorts,  account  for  about  65,000  kg.  per  annum  while  if  11  V  j 

in  Upper  Silesia  contained  an  averagf  of  ouli  0  05%^  Cd t  LT* 1 
would  be  upward  of  250,000  kg.  per  Lum  %  COnt<?n‘ 

l,l,jT™r^>ysul^  eadmiferous 

to  bo  expected  in  those  processes  were  determined  t  ,  h'  '°.SS !CS 

ss:  -  -  -  * . -—"'and1  srs;:; 

'  r>«.  Cadmium,  aoln  v.,ko„m„.  Da  rat  tllung  „M  Vamtadang. 
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Day 

Kg. 

Blue 

Powder 

Assaying,  per  cent. 

Containing,  grams 

Zn 

Pb 

Cd 

Zn 

Pb 

Cd 

.  .. . 

i  37*5 

83-00 

5*49 

4*20 

31,125 

2,059 

1,575 

2 

35*0 

82-98 

5*36 

4*1 5 

29,043 

1,876 

1,452 

3 

40*0 

84' 16 

5*51 

4*16 

33,664 

2,204 

1 ,664 

4 

37*0 

85' 11 

5*34 

4*01 

31,490 

1,976 

1,484 

i; 

37*5 

84' 12 

5*12 

3*88 

31,545 

1,916 

1 ,455 

A 

37*5 

85' 10 

5*10 

4*05 

31,812 

1,930 

1,492 

7 . 

44*5 

8500 

5*11 

3*98 

37,825 

2,274 

1,771 

Total . 

2690 

223.504 

14.235 

10,893 

The  distillation  of  the  above  zinc  dust  yielded  a  cadmium-zinc  dust  of 
the  following  quantities  and  composition : 


Day 

Cframs 

Assaying,  per  cent. 

Containing,  grams 

Percentage  of  Yield 

Zn 

Pb 

Cd 

Zn 

Pb 

Cd 

Zn 

Pb 

Cd 

1 . 

1995 

1110 

870 

1013 

2600 

2&12 

2155 

4770 

4388 

5455 

41-2S 

40-21 

5211 

5566 

0*25 

49*87 
45*90 
4434 
57*26 
50*  19 
47*63 
37*65 

948*9 
457-U 
474*5 
418  1 
1045*5 
12058 
1189*5 

49*9 

9950 

509*5 

385*8 

580’0 

13050 

1101*7 

8114 

3*46 

1*76 

1*41 

1-32 

331 

344 

3*14 

0*24 

63*05 

35*10 

23*20 

39*10 

8970 

7380 

4580 

o 

tr. 

tr. 

0*01 

tr. 

tr. 

3 . 

4 . 

0-20 

5 . 

6 . 

7 . 

Total.  .  .  . 

12055 

57693 

"5688*4 

0*034 

5220 

The  irregularity  in  the  results  was  attributed  to  failure  in  maintaining 
uniformly  the  temperature  of  the  furnace.  The  quantity  of  cinder  (ret  uc- 
tion  material)  used  and  residuum  produced  in  these  experimen  s  uas  as 

follows : 


Weight 
of  zinc 
dust 

Kg. 

Cinder 

Residuum 

Day 

Kg. 

%h2o 

Kg.  dry 

Kg. 

%  Zn 

[%P6 

%  Cd 

6.8-42 

Aft*  SO 

100 

110 

112 

92 

98 

100 

92 

3021 

2544 

1*17 

1*34 

1 . 

37  5 

85 

195 

19*5 

19  5 
21-9 
197 
20-5 
20*0 

6-23 

2 

35*0 

85 

AQ*9*l 

2949 

1-45 

0*15 

3 . 

40*0 

86 

Do 

A9*  90 

32-65 

1-86 

0T2 

4 . 

370 

89 

O—  oO 

30-95 

2*03 

015 

5  . 

375 

82 

OO  r>.) 

67-57 

64-80 

3049 

1*90 

0*74 

6 . 

7 . 

37*5 

44-5 

85 

81 

34  94 

2*01 

021 

The  disposition  of  the  lead  and  zinc  was 


accounted  for  therefore  as  fol¬ 


lows  : 
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Day 

Zinc 

Lead 

Charged 

grams 

Content 

of 

residuum 

grams 

Content 
of  dust 
grams 

Total 
account¬ 
ed  for 
grams 

Per 

cent. 

lost 

Charged 

grams 

Content 

of 

residuum 

grams 

Total 
account¬ 
ed  for 
grams 

Per 

cent. 

lost 

1 . 

31,125 

30,210 

949 

31,159 

*1-50 

2,059 

1,170 

1,170 

45*60 

2 . 

29,043 

27,984 

487 

28,471 

1*94 

1,876 

1,474 

1,474 

21*50 

3 . 

33,664 

33,029 

475 

33,504 

0*50 

2,204 

1,624 

1,624 

26*32 

4 . 

31,490 

30.038 

418 

30,050 

490 

1,976 

1,701 

1,701 

13*92 

5 . 

31,545 

30,331 

1,040 

31,377 

054 

1,916 

1,989 

1 ,989 

*3  70 

6 . 

31,812 

30,490 

1,200 

31 ,69G 

0*37 

1,930 

1,900 

1,900 

1*56 

7 . 

37,825 

32,135 

1,189 

33,324 

11*99 

2,274 

1,819 

1 ,849 

18*69 

Total. 

220,504 

214,217 

5,770 

219,587 

7*38 

14,235 

11,707 

1 1 ,707 

17*76 

*  Apparent  gain. 


In  the  treatment  of  the  whole  quantity  of  2G9  kg.  of  zinc  dust  there  was 
consequently  a  loss  by  volatilization  and  absorption  in  the  retorts  of  7-38% 
of  the  zinc,  17-76%  of  the  lead  and  47-8%  of  the  cadmium.  The  residuum 
was  considered  as  a  zinc  ore  and  was  subjected  to  redistillation  in  the  ordi¬ 
nary  manner.  The  cadmium-zinc  dust  was  redistilled  with  the  following 
result : 


Distillate  II. 

Yielding  Distillate  III. 

Day 

Weighing 

Containing 

Weighing 

grams 

Assaying 

Containing 

grams 

Zinc 

grams 

Cadmium 

grams 

Zinc 

% 

Cadmium 

% 

Cadmium 

grams 

1 . 

1,995 

1,110 

870 

1,013 

2,600 

2,312 

2,155 

918*9 

487*0 

474*5 

418*1 

1,045*5 

1,205*8 

1,189*5 

995*0) 
r;no*  ^  i 

1,027) 

2 . 

967 

363 

2,790 

3  . 

4  . 

oi  ly  o ) 

385-8 
580-0) 
1.30.V0  (' 
1,101-7) 
811'4  ( 

386  f 

5*67 

94*2 

5 . 

2,790 

99*89 

6 . 

7 . 

1,303 

1*2 

98*65 

1,285 

Total. 

12,055 

5.7693 

5,688*4 

5,506 

3,405 

The  cadmium  obtained  as  the  result  of  the  third  distillation  was  ex¬ 
tremely  soft  and  malleable.  Out  of  the  original  10,893  g.  there  was  won 
3405=31-26%. 

Old  Method.— The  cadmiferous  zinc  dust  used  to  be  worked  in  Upper 
Silesia  for  cadmium  by  fractional  distillation  in  precisely  the  same  manner 
as  indicated  above.  The  blue  powder  was  mixed  with  coke-breeze  in  the 
propoH.on  of  0-66  eu.  m.  of  the  latter  to  100  kg.  of  the  powder  and  was 
distilled  at  red  heat  in  an  ordinary  retort  whereby  there  was  obtained  a 
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portion  of  the  zinc  condensed  in  liquid  form  and  a  blue  powder  enriched 
in  cadmium.  Ihe  distillation  of  the  first  blue  powder  required  12  hours 
ami  three  charges  were  worked  off  before  the  residues  were  removed  from 
the  retort.  The  enriched  dust  obtained  from  the  second  distillation  was 
mixed  with  charcoal  and  subjected  to  a  third  distillation  at  red  heat  in  small 
cylindrical  east  iron  retorts,  provided  with  sheet  iron  condensers  and  heated 
by  the  waste  gases  of  the  large  distillation  furnaces.  Metallic  cadmium  in 
liquid  form  was  obtained  as  a  product  of  this  distillation,  the  time  required 
for  which  was  12  hours  as  in  the  case  of  the  second  distillation,  and  also 
as  in  the  case  of  the  latter  the  residues  were  removed  only  after  every  third 
charge.  The  crude  cadmium  thus  obtained  was  remelted 'and  cast  in  thin 
bars  (Stangen). 

At  Engis,  in  Belgium,  cadmium  used  to  be  produced  in  a  similar  manner, 
the  blue  powder  averaging  1-5  to  1  *C>%  Cd  1  being  mixed  with  flue  coal  and 
distilled  in  furnaces  of  the  ordinary  Belgian  type,  but  arranged  with  three 
rows  of  small  cast  iron  retorts,  fitted  with  cast  iron  condensers  and  sheet 
iron  prolongs.  This  distillation  yielded  a  blue  powder  containing  G%  of 
cadmium.  A  furnace  with  11  retorts  would  work  off  100  kg.  of  the  first 
powder  in  12  hours  and  yield  from  13  to  14-5  kg.  of  the  enriched  powder. 
The  enriched  powder  was  redistilled  in  the  same  furnace,  13  to  14-5  kg. 
being  reduced  in  12  hours  in  four  retorts.  The  cadmium  condensed  as 
liquid  metal  in  the  second  distillation  was  drawn  off  at  intervals  of  one  hour 
in  order  that  it  might  lie  contaminated  as  little  as  possible  by  the  iron  of 
the  condenser.  The  residue  from  the  distillation  assayed  0-3%  Cd.  Of 
the  cadmium  contents  of  the  original  blue  powder,  30T2%  was  recovered  in 
the  form  of  metal,2  21T7%  being  left  in  the  residues  and  48-<l%  being 
volatilized.  Three  grades  of  cadmium  were  produced,  the  poorest  amount¬ 
ing  to  approximately  50%  of  the  total ;  this  metal  was  sufficiently  pure  to 
be  bent  readily.  The  second  grade  of  metal  contained  75%  Cd.  and  could 
be  bent  only  with  difficultv,  but  yet  without  breaking.  The  third  grade  of 
metal  contained  only  40%  Cd  ami  was  very  brittle.  The  impure  metal 
couhl  be  refined  by  repeated  fractional  distillation.’  Cadmium  is  no  longer 

produced  in  Belgium.  . 

Modem  Method—  The  cadmium  produced  in  Cpper  Silesia  at  the  pres™ 

time  is  recovered  almost  entirely  from  the  cadmiferous  flue  dust  collected 
from  the  canals  into  which  the  fumes  from  the  Dagner  and  Kleeman  con- 


1  This  was  obtained  from  blonde  assay¬ 
ing  0-13  to  0-21%  Cd,  which  after  roasting 
contained  only  0*02  to  0*03%  <  d. 

2  This  percentage  of  recovery  is 
identical  with  that  effected  in  Upper  Silesia 


in  the  treatment  of  similar  material.  Refer 
also  to  Jenscli’s  experiments,  pp.  587,  588. 

*  Stadler,  Joorn.  f.  Prakt.  Chem.,  1864, 
XCI  350;  Dingler’s  Folytech.  Journ., 
CLXXIII,  2S6. 
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densers  are  discharged.  Herr  Otto  Saiger,  director  of  the  works  of  Georg 
von  G iesche’s  Urben,  in  Upper  Silesia,  which  furnish  about  two  thirds  of 
the  cadmium  produced  in  that  province,  equivalent  to  saying  two  thirds  of 
the  world’s  production,  lias  furnished  the  following  notes  as  to  the  present 
practice  there 

"Cadmium  being  more  volatile  than  zinc  passes  over  first  in  the  distilla¬ 
tion  of  zinc  ores  which  contain  it,  and  escaping  condensation,  enters  the 
large  pipes  leading  away  the  fumes  from  the  zinc  furnaces  employed  in 
Upper  Silesia,  where  it  is  deposited  as  oxide,  this  deposit  being  richer  in  the 
parts  more  remote  from  the  furnaces.  This  condense  ume,  which  at  the 
Wilhelminehiitte  Averages  3  to  4%  Cd,  and  sometimes  rises  to  5%,  having 


Fig.  393.  Retorts  for  Cadmium  Distillation. 


been  collected  by  itself,  is  mixed  with  fine  coke  and  charged  into  the  retort 
A,  shown  in  the  accompanying  engraving,  of  a  special  furnace.  This  re¬ 
tort,  or  muffle,  which  is  1-8  m.  in  length,  takes  about  115  kg.  of  the  cad¬ 
mium-bearing  oxide,  mixed  with  about  17  kg.  of  coke.  It  is  charged  about 
eight  o’clock  in  the  morning  and  the  distillation  is  finished  about  six  o’clock 
the  next  morning.  The  temperature  in  the  muffle  is  maintained  at  a  me¬ 
dium  red  glow,  whereby  only  the  cadmium  oxide  is  reduced.  The  metal 
collects  in  the  sheet  iron  condenser  C,  partly  in  the  form  of  powder.  That; 
which  is  molten  is  so  pure  that  it  requires  only  a  romclting  before  casting 
into  the  small  sticks  (Stiingen)  which  are  known  in  the  trade.  The  powder 
is  collected  by  itself,  and  every  three  days  is  reduced  in  the  smaller  retort  B, 

1  The  Mineral  Industry,  VII. 
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che  temperature  of  which  is  maintained  somewhat  higher  than  that  of  A. 
1  he  metal  obtained  from  the  condenser  D  is  over  99*5%  pure  and  is  like¬ 
wise  cast  into  sticks.  The  residual  zinc  oxide  from  the  retort  .4  is  returned 
to  the  zinc  distillation  furnaces.” 

The  residue  from  the  distillation  in  the  retort  A  assays  about  30*55% 
Zn  and  1*36%  Cd.1  Being  recharged  with  a  fresh  lot  of  zinc  ore  its  cad¬ 
mium  content,  or  a  part  of  it,  is  redeposited  in  the  dust  flues  and  therefore 
is  not  entirely  lost. 

Composition  op  Commercial  Cadmium. — Metallic  cadmium  in  order  to 
be  marketable  must  contain  at  least  99*5%  Cd.  The  Silesian  product  gen¬ 
erally  assays  between  99*50  and  99*75%  Cd.  A  sample  of  metal  from  the 
Kunigundehiitte  assayed  99*8%  Cd  and  0*005%  Fe.  A  sample  from  an¬ 
other  Silesian  works  showed  99*65%  Cd  and  0*01%  Fe.  A  sample  of  so- 
called  “chemically  pure”  cadmium  showed  0*022%  Fe,  0*004%  Cu  and 
0*011%  Zn;  another,  0*020%  Fe,  0*006%  Cu,  and  0*017%  Zn.2 

Statistics  of  Cadmium  Production. — The  production  of  cadmium  in 
Upper  Silesia  since  1881  has  been  as  follows:3 


Year 


1882 

1883 

18841 

1885 

1886 

1887 

1888 

1889 

1890 

1891 


Quantity, 

Kg. 

Value, 

marks 

Value, 
Per  Kg. 

Year 

Quantity, 

Kg. 

Value, 

marks 

Value, 
Per  Kg. 

3,521 

1892 

3,200 

11.400 

3  56 

2,419 

1893 

5,285 

21,844 

4*13 

2,775 

1894 

6,847 

35,266 

4*99 

3,276 

1895 

6,847 

38,038 

5*56 

4,964 

30,599 

7*47 

1896 

10,666 

81.738 

7*66 

7,321 

48,497 

6*62 

1897 

15,527 

176,627 

11*37 

4,796 

22,855 

4*22 

1898 

14,948 

124,650 

8*34 

5,138 

19,503 

3*79 

1899 

9.840 

65 ,312 

6*64 

4,158 

14,610 

3*50 

1900 

13,533 

82 .037 

6*06 

2.849 

10,182 

3*52 

1901 

13,144 

83,003 

6*31 

Assay. — Cadmium  is  readily  detected  by  the  reddish  brown  deposit 
which  is  formed  on  charcoal  when  the  sample  under  examination  is  ■vola¬ 
tilized  before  the  blow-pipe,  whereas  zinc  under  the  same  conditions  gi\es  a 
deposit  which  is  bright  yellow  while  hot,  becoming  white  upon  cooling. 
In  quantitative  analysis  it  is  separated  from  zinc  by  precipitation  from  an 
acid  solution  by  means  of  H2S.  The  precipitated  sulphide  may  be  r  is 
solved  in  chlorhydric  acid  and  titrated  with  a  standard  solution  of  potassium 
ferrocyanide,  or  it  may  be  precipitated  as  carbonate  with  Xa..C03,  and  after 
calcination  weighed  as  oxide.  Cadmium  may’  also  be  determine 
trolyticallv. 

'  i  Jenach.  Dos  Cadmium.  aeln  Vorkommon.  seine  DarsWIong  und  Yerwendung. 

.0.  i.ungp.  Chemlsche-technlsclie  rntersuehungmethoden,  1000. 

*  Statistlk  des  Obersclilesischen  Berg-und  Iliittenwerke. 
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E.  H.  Miller  and  R.  W.  Page  recently  investigated  several  methods  for 
the  quantitative  determination  of  cadmium.1  They  found  the  electrolytic 
method  to  be  very  accurate  if  a  large  excess  of  potassium  cyanide  and  the 
presence  of  other  salts  be  avoided.  The  carbonate  method  is  the  most 
troublesome  and  the  least  accurate.  A  very  accurate  method  is  the  pre¬ 
cipitation  of  cadmium  from  a  neutral  solution  (cold)  by  a  large  excess  of 
di-ammonium  hydrogen  phosphate  and  either  weighing  the  precipitate  as 
CdNH4P04,II20  on  a  tared  filter  (after  drying  at  100  to  103°  C.),  or  dis¬ 
solving  it  in  dilute  nitric  acid  and  igniting  to  pyrophosphate. 

Electrolytic  Deposition  of  Cadmium. — The  electro-deposition  of  cad¬ 
mium  is  performed  comparatively  readily  under  the  same  conditions  as  are 
necessary  for  the  electro-deposition  of  zinc.  Borehers  has  found,  however, 
that  current  densities  of  GO  to  100  amperes  per  square  meter,  which  give 
an  unsatisfactory  deposit  of  zinc,  are  capable  of  yielding  a  good  and  useful 
deposit  of  cadmium.  Alloys  of  silver  and  cadmium  can  also  be  deposited 
electrolytically  and  of  late  years  have  been  employed  to  a  considerable 
extent  for  various  purposes.  Since  was  one  of  the  first  to  deposit  cadmium 
electrolytically.  He  obtained  tough  deposits  by  adding  ammonia  to  a  solu¬ 
tion  of  cadmium  sulphate  and  dissolving  the  precipitate  in  a  very  small 
excess  of  ammonia ;  he  was  unable  to  obtain  good  deposits  from  solutions  of 
cadmium  sulphate  and  cadmium  chloride.  In  1849  Messrs.  Woolrich  and 
Russell,  of  Birmingham,  England,  took  out  a  patent  for  the  deposition  of 
cadmium.  They  prepared  a  solution  of  cadmium  nitrate  by  dissolving  the 
metal  in  nitric  acid  diluted  with  six  times  its  bulk  of  water  at  a  tempera¬ 
ture  of  80  to  100°  F.  Cadmium  carbonate  was  precipitated  from  the 
solution  by  means  of  a  solution  of  sodium  carbonate.  The  precipitate  was 
washed  three  or  four  times  with  warm  water.  It  was  then  dissolved  in  a 
solution  of  cadmium  cyanide  of  which  10%  excess  above  the  quantity  re¬ 
quired  to  dissolve  the  precipitate  was  employed.  This  solution  was  sub¬ 
jected  to  electrolysis,  the  best  strength  being  found  to  be  G  oz.  troy  of  the 
metal  to  the  gallon.  The  temperature  of  the  bath  was  maintained  at  about 
80  to  100°  F.  Bertrand  claimed  to  have  obtained  white  adherent  coatings 
from  a  solution  of  the  bromide  slightly  acidulated  with  sulphuric  acid.  Ac¬ 
cording  to  Sherard  Cowper-Coles  a  strong  solution  of  the  double  salt  of 
cyanide  of  cadmium  and  potassium  is  one  of  the  best,  since  the  metal  can  be 
deposited  rapidly  from  it  and  in  a  bright  form,  while  anodes  of  cadmium 
dissolve  very  freely. 

Uses  of  Silver-Cadmium  Alloys. — Since  1895  alloys  of  cadmium  with  a 
small  percentage  of  silver  have  been  employed  to  a  considerable  extent  in 
*  School  of  Mines  Quarterly,  1901,  XXII,  ir,  301  to  30S. 
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England  for  coating  the  steel  parts  of  such  machines  as  bicycles,  etc.,  and 
a  silver-cadmium  alloy  containing  7*5%  of  cadmium  has  been  somewhat 
extensively  used  for  plating  domestic  articles.  Such  alloys  have  been  found 
to  withstand  the  tarnishing  influences  of  the  atmosphere  much  better  than 
pure  silver  or  standard  silver  containing  7*5%  of  copper.  The  properties 
of  these  alloys  and  the  manner  of  depositing  them  elect  roly  tically  have  been 
described  by  Mr.  Cowper-Coles,  from  whose  paper  these  details  have  been 
taken.1  A  silver-cadmium  alloy  tested  with  a  Thompson  galvanometer  was 
found  to  be  electro-positive  to  nickel.  Consequently  if  the  alloy  be  used 
for  coating  steel  and  the  underlying  metal  be  at  any  time  exposed  by  abras¬ 
ion  or  otherwise,  the  galvanic  action  between  the  silver-cadmium  coating 
and  the  steel  is  less  intense  than  between  the  nickel  and  the  steel.  In  order 
to  determine  whether  silver-cadmium  formed  a  more  protective  covering 
than  nickel  plate,  samples  of  iron  coated  with  cadmium-silver  and  nickel 
respectively  were  subjected  to  corroding  influences.  It  was  found  that  the 
nickel-plated  iron  in  all  cases  rusted  badly  in  a  very  short  time,  while  the 
silver-cadmium  coated  iron  was  but  little  attacked.  The  difference  in  be¬ 
havior  was  attributed  to  two  causes:  firstly,  the  nickel  plate  being  porous 
permitted  the  air  and  moisture  to  act  on  the  iron,  but  that  did  not  happen 
with  the  silver-cadmium  coating,  which  appeared  to  be  almost  impervious, 
secondly,  the  silver-cadmium  coating  was  found  to  be  electro-posi  nc  as 
compared  with  nickel,  to  the  extent  of  a  difference  of  more  t  an 

Silver-Cadmium  Plating.— The  process  which  has  been  used  chiefly 
depositing  cadmium-silver  alloys  consists  in  preparing  the 
dissolving  cadmium  and  silver  cyanides  in  potassium  cyanu  e  P  P 
tio„s  or  the  metals  l*ing  varied  according * dT* “ 

is  sought.  In  order  to  obtam  £££*«< l°J Curium  in  solution 
found  necessary  to  have  the  rat  ,  when  tpe  quantity  of 

from  1 :  4  to  1 :  7,  the  best  resu  s  ^  ^  and  the  quantity  of  silver 
cadmium  in  solution  is  from  3  to  •  P  S  the  solution  the 

not  less  than  8  dwts.,  or  more  than  25  du  s.  i  ^  ^  fo  keep  the 

smaller  must  be  the  current  °“H  ,  gurfaCe  should  be  greater  than 

bath  from  becoming  exliaus  e<  ><  -q  always  present  in  the  bath 

the  cathode  surface  and  sufficient  free  cyamd V  ^  ^ 

to  dissolve  the  cadmium  am  « '  1(  ctalg  is  found  to  reduce  local  action, 
addition  of  carbonates  o  u_‘  <  ^  Observation  of  the  color  an 

due  probably  to  the 

t  Klectrlcal  Review  (L  _ 

Oct.  21,1808.  the  BrltU.li  avoirdupois. 

1  This  refers  undoubtedly  to  4-54 

imperial  gallon,  which  la  equivalent 


;es  of  the  amai  •  •  Observation  of  the  color 

ie  nascent  liberated  metal.  0 bson.  ^ 

a-»).  1  007  ““ 
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general  appearance  of  the  deposit  on  a  tot  plate  is  found  to  give  full  control 
over  the  composition  of  the  alloy  deposited,  an  experienced  plater  being  able 
to  estimate  the  composition  within  1%.  As  the  nature  of  the  deposit 
varies  with  the  current  density  it  can  be  regulated  by  altering  the  latter. 
The  differences  between  the  two  metals  play  an  important  part.  In  the  first 
place  there  is  an  electromotive  force  between  the  two  metals  independent  of 
the  back  electromotive  force  of  the  whole  electrolyte;  furthermore  a  current 
that  will  deposit  402-418  kg.  of  silver  will  deposit  only  2-079  kg.  of  cad¬ 
mium  ;  while  there  may  be  a  considerable  difference  between  the  resistances 
of  the  respective  salts  in  solution.  If  a  bath  be  made  up  containing  a  cer¬ 
tain  number  of  ounces  of  metal  per  gallon,  and  deposits  are  obtained  from 
different  current  densities,  the  percentage  of  silver  obtained  in  the  deposit 
will  be  different  in  nearly  every  case.  Consequently  careful  experiment  is 
necessary  in  order  to  determine  the  proper  current  density  and  other  con¬ 
ditions  necessary  to  produce  a  deposit  of  the  desired  character. 

Solutions  containing  2  or  3  oz.  of  metal  per  gallon  and  a  large  percentage 
of  cadmium  give  with  the  small  current  densities  which  alone  are  permis¬ 
sible  deposits  varying  from  40  to  100%  of  silver,  wdiereas  solutions  con¬ 
taining  8  to  9  oz.  of  metal  per  gallon  give  80  to  90%  silver  with  a  very 
wide  range  of  current  density.  For  any  given  solution  the  percentage  of 
the  electro-positive  metal  increases  with  the  current  density,  but  not  in 
simple  proportion.  If  the  solution  be  a  weak  one,  patchy  deposits  arc  the 
result  of  too  high  current  densities,  the  metals  appearing  to  separate  out, 
although  the  deposit  may  be  smooth.  The  proportion  between  the  more 
electro-negative  metal  and  the  more  electro-positive  metal  deposited  at  a 
given  current  density  can  be  varied  by  stirring  the  solution.  Movement  of 
the  cathode  in  the  bath  will  temporarily  alter  the  deposit,  and  if  the  bath 
is  weak  and  the  anodes  are  not  dissolving  properly  it  will  greatly  alter  the 
resistance  and  consequently  the  current  density. 

Oowper-C oles  summarizes  briefly  the  conditions  in  saying  that  for  every 
composition  of  the  solution  there  is  a  definite  current  density  to  be  used  to 
produce  a  certain  deposit,  and  if  the  bath  is  to  be  maintained  in  working 
condition  for  any  length  of  time,  the  anode  must  be  of  the  same  composition 
a>  the  deposit  which  is  to  be  produced.  The  ratio  of  cadmium  and  silver  in 
solution  is  dependent  on  the  density  of  the  solution,  different  proportions 
of  the  two  metals  being  necessary  if  the  solution  is  very  dense.  It  is  desir¬ 
able,  however,  to  use  a  strong  solution,  because  a  greater  current  density 
can  be  employed  and  consequently  the  alloy  can  be  deposited  more  quickly. 
Stirring  the  solution  permits  the  use  of  still  higher  current  densities,  but 
the  proportions  of  the  metals  in  the  bath  must  he  altered  accordingly. 
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COST  OF  PRODUCING  ZINC. 

The  principal  items  of  expense  in  smelting  zinc  ore  are  labor,  coal  and 
clay.  The  cost  of  smelting  will  therefore  depend  chiefly  upon  the  con¬ 
sumption  of  those  things  and  their  mark'et  value,  but  it  will  depend  also  in 
no  slight  degree  upon  the  character  of  the  ore  which  is  to  be  smelted;  or 
rather  it  should  be  said  that  given  the  same  plant  the  consumption  of  labor, 
coal,  clay,  etc.,  will  vary  with  the  character  of  the  ore.  To  what  extent 
such  variation  will  be  experienced  it  is  diflicult  to  predicate  in  general  terms, 
because  there  are  so  many  confusing  and  conflicting  factors.  The  result  is 
that  the  cost  of  smelting  a  specified  zinc  ore  cannot  be  estimated  in  advance 
with  the  same  precision  as  in  the  case  of  a  lead  or  copper  ore  and  we  are 
obliged  to  fall  back  upon  the  results  of  practical  experience. 

Relation  Between  Ghade  of  Oke  and  Cost  of  Smelting. — It  is  well 
known  that  the  cost  of  smelting  a  ton  of  zinc  ore  increases  as  the  grade  of 
the  ore  decreases.  There  are  three  reasons  why  that  should  be  so:  (1)  The 
lower  the  percentage  of  zinc  the  higher  is  the  percentage  of  gangue,  and 
as  a  general  thing  the  higher  the  percentage  of  objectionable  impurities  in 
the  gangue,  which  per  se  enhance  the  cost  of  smelting;  (2)  the  lower  the 
percentage  of  zinc  and  the  higher  the  percentage  of  gangue,  the  lower  will 
be  in  many  cases  the  average  specific  gravity  of  the  ore,  the  greater  its  bulk 
for  a  given  weight  and  the  less  the  weight  that  can  be  smelted  with  a  given 
plant;  (3)  the  lower  the  percentage  of  zinc  the  higher  will  be  the  loss  of 
metal  in  smelting.  It  will  simplify  the  consideration  of  this  subject  if  the 
effect  of  corrosive  and  contaminating  impurities  such  as  iron  and  lead  be 
ignored  for  the  present,  and  the  case  of  ores  consisting  only  of  zinc  oxide 
and  silica,  of  which  the  latter  may  be  regarded  as  in  eft,  be  discussed  alone. 

The  specific  gravity  of  zinc  blende  may  be  taken  as  four,  making  the 
weight  of  a  cubic  foot  of  the  solid  mineral  250  lb.  The  weight  of  a  cubic 
foot  of  finely  crushed  ore  would  be  from  137-5  lb.  to  150  lb.  according  to 
the  fineness  of  the  crushing  and  conditions  of  the  measurement.  A  cubic 
foot  of  Joplin  concentrates,  dry  and  assaying  58%  Zn,  actually  weighed 
130  lb.  A  cubic  foot  of  sand  or  crushed  quartz  (sp.  gr.  2-G5)  will 


595 


596 


metallurgy  or  zinc. 


weigh  from  80  to 


„nA  n  Tf  iq  obvious  that  with  different  proportions  of 

m  80  to  10  l  lbic  f00t  of  the  mixture  will  be  the  less 

the  two  minerals  the  weig i  lio.llter  mineral;  in  other  words  the 

tUc  higher  is  the  F^^  S,over,  the  less  the  percentage  of 

lower  is  the  percen  a«  ^  ^  kss  wiU  |,c  the  loss  of  weight  m  roast- 

zinc  in  the  case  o  b  ^  rlistillod  The  capacity  of  a  zinc  smelting 

in£r  and  the  more  the  weight  to  be  distilled.  ■LDLUll  *> 

22.  is  governed  by  the  volume  of  its  retorts.  Consequently  the  more 
voluminous  is  the  ore  the  less  of  it  ean  be  put  into  a  given  number  of  retorts 
and  the  less  the  capacity  of  a  given  furnace.  The  number  of  men  required  to 
manage  the  furnace  remains  the  same,  however,  as  does  also  the  quantity  of 

coal  required  to  heat  it.  , 

Practically  the  zinc  smelter  is  seldom  confronted  with  the  question  of 
smelting  ores  of  so  simple  a  character.  As  a  general  thing  the  medium  and 
low  grades  of  ore  contain  lead  and  iron,  instead  of  a  quartzose  gangue 
alone,  which  tend  to  increase  their  weight  per  cubic  foot,  or  at  least  make 
it  equal  to  that  of  an  ore  of  high  grade  in  zinc;  or  else  the  medium  and  low 
grades  of  ore  may  be  calamine,  which  does  not  have  to  be  crushed  so  finely 
as  blende,  and  consequently  is  relatively  less  bulky.  For  example,  roasted 
Missouri  blende  assaying  65%*  Zn  crushed  to  2  mm.  size  weighs  approxi¬ 
mately  the  same  number  of  pounds  per  cubic  foot  as  the  raw  calamine 
(hemimorphite)  from  the  same  district  assaying  only  42%  Zn  crushed  to 
4  mm.  size,  both  of  these  ores  being  practically  free  from  iron,  lead  and 
heavy  gangue  minerals.  Although  the  two  ores  differ  by  23%  in  their  zinc 
tenor,  it  is  possible  to  charge  as  much  of  one  in  a  furnace  of  the  same 
retort  volume  as  of  the  other,  and  that  is,  or  has  been,  done  practically. 
In  the  case  of  a  sulphide  ore,  moreover,  if  it  be  ferruginous  the  weight  per 
cubic  foot  after  roasting  is  not  only  likely  to  he  higher  than  that  of  a  non- 
ferruginous  ore  of  a  higher  tenor  in  zinc,  but  also  the  loss  of  weight  in 
roasting  is  likely  to  he  greater,  wherefore  the  cost  of  smelting  if  reduced  to 
terms  of  the  raw  ore  will  he  affected.  Again  there  are  blendes  containing 
a  gangue  of  caleite  or  dolomite,  which  in  roasting  lose  more  weight  by  the 
expulsion  of  carbonic  anhydride  than  is  replaced  by  absorption  of  sulphuric 
anhydride,  and  consequently  may  show  a  greater  shrinkage  than  the  highest 
grades  of  blende  with  a  silicious  gangue.  The  quantity  of  reduction  ma- 
iria  required  by  bilious  ores,  its  character,  and  the  percentage  of  between 

products  that  will  he  made  and  have  to  be  resmelted  are  also  important  con¬ 
siderations. 

unon  tin  *  ^  ^iei  0^0Te  that  although  the  grade  of  the  ore  has  a  hearing 

which  If  Tf"*  thiTO  are  practically  so  many  conflict  ft*** 
1  mto  thc  question  that  it  is  impossible-  to  present  any 
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cmpinca1  rules  that  will  cover  it.  It  is  most  convenient  to  refer  the  cost  of 
tisti llation  and  the  accessory  processes  to  terms  of  the  calcined  or  roasted 
ore,  converting  that  figure  into  terms  of  the  raw  ore,  if  desired,  by  multi¬ 
plying  by  the  decimal  representing  the  percentage  of  weight  remaining 
after  roasting  or  calcination.  For  example,  if  the  cost  of  distillation  per 
ton  of  roasted  ore  were  $7  and  the  roasted  ore  amounted  to  85%  of  the 
weight  of  the  raw'  ore,  the  cost  per  ton  of  the  latter  would  be  0-85  X$7 
=$5-95. 


It  should  be  observed  that  in  the  discussion  of  this  subject  reference  has 
been  made  solely  to  the  relative  cost  of  smelting  different  grades  and  kinds 
of  ore  by  the  same  process,  i.e.,  the  Belgian.  Generally  speaking,  that 
process  ceases  to  be  profitable  when  the  ore  does  not  contain  at  least  40% 
Zn,  or  about  that  figure.  The  Silesian  process  on  the  other  hand  permits 
the  economical  treatment,  in  the  district  where  it  is  chiefly  practiced,  of  ore 
assaying  only  20  to  25%  Zn,  and  even  less,  the  cost  per  ton  of  ore  being 
lower  than  for  the  treatment  of  45  to  50%  ore  in  Belgium.  This  differ¬ 
ence  appears  to  be  due  chiefly  to  the  less  cost  per  ton  of  ore  for  labor, 
clay  and  repairs  and  renewals,  the  consumption  of  coal  and  reduction 
material  per  ton  of  ore  being  about  the  same  in  each  case. 

Relation  Between  Grade  of  Ore  and  Recovery  of  Metal.-  ie  i 
ference  in  the  percentage  of  zinc  lost  in  smelting  due  to  variations  m  t  e 
grade  of  ore  can  be  calculated  theoretically  by  mating  certain  aaaumptao^ 
which  are  baaed  on  the  results  of  practice.  In  the 

assumed  that  each  unit  of  sulphur  in  the  roasted  ore  wdl  hoMbacko^mt 
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The  above  computations  are  based  on  the  theory  that  an  ore  cannot  be 
desulphurized  below  a  certain  point,  regardless  of  its  original  tenor  in 
sulphur,  because  of  the  cessation  of  chemical  action  (in  this  case  oxidation) 
beyond  a  certain  limit.  For  a  similar  reason  the  retort  residues  may  be 
expected  always  to  contain  about  the  same  quantity  of  undistilled  zinc 
oxide.  The  result  of  this  is  that  in  the  distillation  of  1000  lb.  of  ore  there 
will  remain  in  the  residuum  approximately  the  same  number  of  pounds  of 
zinc,  irrespectively  of  the  quantity  of  the  latter  metal  originally  present 
in  the  ore  distilled.  It  is  obvious  therefore  that  the  loss  of  metal  will 


increase  in  the  same  proportion  as  the  grade  of  the  ore  diminishes. 

The  computations  presented  above  show  that  in  the  distillation  of  ores 
of  precisely  the  same  character,  but  of  different  tenors  in  zinc,  the  per¬ 
centage  of  zinc  volatilized,  condensed  and  recovered  ought  theoretical Iv  to 
decrease  about  0-1  for  each  unit  of  decrease  in  the  grade  of  the  original  raw 
ore.  Actually  the  decrease  will  be  greater  than  0-1%  per  unit,  for  the 
reason  that  the  percentage  of  volatilized  zinc  that  will  be  condensed,  which 
in  the  above  computations  has  been  assumed  uniformly  as  0-90  will  also 
decrease  with  the  grade  of  the  ore.  The  latter  phenomenon  is  attributable 
to  the  same  theory  which  obtains  with  respect  to  the  loss  of  zinc  in  the 
residuum,  namely,  that  losses  are  approximately  constant,  irrespectively  of 
the  grade  of  the  ore.  Of  the  zinc  which  is  volatilized  losses  are  suffered 
through  failure  to  condense  because  of  zinc  vapor  which  filters  through 
the  walls  of  the  retorts,  is  absorbed  in  the  latter,  remains  in  the  retort  at 
the  end  of  the  distillation  and  burns  at  the  noses  of  the  condensers.  Now 
it  is  known  that  the  quantity  of  zinc  absorbed  by  the  retorts  is  about  the 
same  whether  the  ore  be  of  high  grade  or  low  grade ;  also  the  zinc  vapor 
remaining  in  the  retorts  at  the  end  of  the  distillation,  when  the  gas  has 
insufficient  tension  to  expel  it,  must  necessarily  be  the  same.  Those  losses 
will  naturally  increase  in  proportion  as  the  grade  of  the  ore  decreases,  and 
probably  a  similar  result  is  experienced  in  the  case  of  the  losses  by  filtration 
through  the  retorts  and  burning  at  the  ends  of  the  condensers. 

The  table  also  illustrates  the  fact  that,  because  of  the  less  weight  of  th<> 
residues  from  a  high  grade  ore,  a  high  assay  in  zinc  does  not  necessarily 
imply  a  greater  actual  loss  than  is  experienced  in  a  lower  grade  of  ore  of 
which  the  residues  carry  a  smaller  percentage  of  zinc.  Thus,  the  number 
of  pounds  of  zinc  remaining  in  the  residues  is  about  the  same  in  the  m«e 
of  an  °re  assaying  70-4(5%  Zn,  yielding  0-43  of  its  weight  as  residue  assay¬ 
ing  S-2,%  Zn  ;  and  an  ore  assaying  50-59%  Zn,  yielding  0-(59  nf  its  wehd'it 
as  a  residue  assaying  4-90%  Zn.  With  respect  to  grade  of  ore,  proportion 
of  residue  and  zme  tenor  of  the  latter,  those  figures  represent  nppLLiddy 
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the  results  of  the  practice  in  Kansas  and  Belgium  respectively ;  the  average 
grade  of  the  ore  smelted  is  in  each  case  somewhat  lower  than  70*46  and 
50*59%  Zn  respectively,  and  the  average  zinc  tenor  of  the  residua  is  also 
a  little  lower — certainly  it  is  so  in  Belgium. 

Cost  of  Smelting  Reduced  to  Terms  of  the  Product. — Although  the 
cost  of  smelting  per  ton  of  ore  varies  with  the  grade  of  the  latter,  the 
difference  is  by  no  means  so  great  as  it  is  in  the  cost  per  pound  of 
spelter  produced,  which,  of  course,  increases  enormously  as  the  grade 
of  the  ore  goes  down.  Thus  if  we  had  an  ore  assaying  60%  Zn,  or 
1200  lb.  per  ton,  which  it  cost  <$10  per  ton  to  smelt,  and  another  assay¬ 
ing  45%  Zn,  or  900  lb.  per  ton,  which  it  cost  $12  per  ton  to  smelt, 
and  if  the  recovery  of  metal  from  the  high  grade  ore  were  85*5%  and 
from  the  low  grade  ore  84%  the  cost  per  pound  of  metal  recovered  would 
be  as  follows:  $10-j-1026=0*975c.  per  lb.;  and  $12-^756=l*587c.  per  lb. 
This  difference  must  necessarily  be  offset  by  a  correspondingly  lower  price 
paid  for  the  zinc  in  the  low  grade  ore. 

Commercially  the  zinc  smelter  usually  reduces  his  cost  of  smelting  to 
terms  of  the  product  which  he  sells,  namely,  spelter;  i.e.,  he  reckons,  for 
example,  that  the  metal  which  he  sells  for  4c.  per  lb.  costs  him  3*6c.,  of 
which  2*6c.  is  for  ore  and  lc.  for  smelting.  This  is  the  custom  in  the 
United  States  at  least.  Looking  at  the  matter  from  the  business  stand¬ 
point  it  is  the  simpler  method.  In  a  technical  consideration  of  the  cost  of 
smelting  with  reference  to  metallurgical  practice,  on  the  other  hand,  it  is 
simpler  to  consider  it  as  coming  to  so  much  per  ton  of  ore.  The  yield  of 
metal  from  a  ton  of  ore  being  stated,  it  is,  of  course,  easy  to  convert  one 
method  of  expression  into  the  other.  In  smelting  the  average  Joplin  ore 
about  one  ton  of  metal  is  got  from  two  tons  of  ore. 

Cost  of  Smelting. — The  various  items  which  enter  into  the  cost  of  zinc 
smelting  are  conveniently  summarized  under  the  captions  of  (1)  labor, 
(2)  fuel,  (3)  reduction  material,  (4)  clay  for  retorts  and  condensers, 
(5)  repairs  and  renewals  and  sundry  supplies,  and  (6)  administration  and 
general  expense.  These  items  naturally  vary  greatly  at  different  places 
according  to  the  character  of  the  ore  treated,  the  practice  in  smelting,  the 
arrangement  of  the  works  and  the  cost  of  labor,  fuel  and  other  material. 
Of  equal  importance  with  the  cost  of  smelting  in  determining  the  efficiency 
of  a  given  plant,  and  the  profit  to  be  expected  from  it,  is  the  percentage 
of  metal  recovered,  which  is  also  dependent  upon  the  character  of  the  ore 
treated,  the  practice  in  smelting  and  the  arrangement  of  the  works.  The 
cost  of  smelting  and  the  percentage  of  metal  recovered  are  indeed  closely 
related,  inasmuch  as  in  the  treatment  of  the  same  ore  in  the  same  plant 
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the  cost  of  smelting  may  be  reduced  at  the  expense  of  an  increased  loss  of 
metal  in  the  ore,  and  vice-versa. 

Labor. — The  largest  single  item  of  labor  expense  is  always  that  which  is 
involved  in  the  operation  of  the  distillation  furnaces.  Next  in  importance 
is  that  which  is  required  for  roasting  the  ore,  if  the  latter  be  blende  and  if 
the  roasting  he  done  by  hand,  hut  the  use  of  mechanical  furnaces,  especially 
in  connection  with  gaseous  fuel,  reduces  the  cost  of  labor  in  roasting  to  a 
very  low  figure.  The  labor  for  making  retorts  and  condensers  constitutes 
a  comparatively  small  item  in  the  total,  hut  the  various  other  items,  such 
as  the  handling  and  transportation  of  material  about  the  works  and  the 
miscellaneous,  general  labor,  amount  in  the  aggregate  to  a  rather  large 
percentage  of  the  total,  varying  greatly,  however,  according  to  the  arrange¬ 
ment  and  size  of  the  works. 

In  the  smelting  of  2000  lb.  of  raw  blende  in  Kansas,  including  the  roast¬ 
ing  as  well  as  the  distillation  and  all  handling  of  material,  it  may  be 
considered  roughly  that  there  is  required  the  labor  of  one  man  for  H-5 
days  if  the  fuel  employed  be  coal  and  2-5  days  if  it  be  natural  gas,  at  an 
average  wage  of  $1*80  per  day.  lu  Belgium  and  Germany  the  average 
wage  appears  to  be  about  70 @ 80c.  per  day,  but  the  efficiency  of  the  labor 
is  inferior  to  the  American,  although  by  no  means  so  much  as  to  offset  the 
advantage  which  European  smelters  have  with  respect  to  the  cost  of  labor. 

Fuel. — By  far  the  largest  part  of  the  consumption  of  fuel  is  due  to  the 
requirements  of  the  distillation  furnaces,  the  aggregate  of  all  other  items 
such  as  the  generation  of  steam  and  power,  the  burning  of  retorts  and 
condensers,  etc.,  being  comparatively  insignificant.  If  the  fuel  employed 
be  coal,  the  consumption  varies  within  wide  limits  according  to  the  calorific 
power  of  the  coal,  its  character  and  the  method  of  burning  it.  In  the  best 
practice  in  Euroope,  the  distillation  of  a  ton  of  calcined  or  roasted  ore  is 
effected  with  as  little  as  one  ton  of  coal,  and  even  less  at  certain  works  in 
Upper  Silesia ;  the  attainment  of  such  a  result  is  not  to  be  expected,  how¬ 
ever,  except  with  a  fairly  good  grade  of  coal  and  the  use  of  gas-fired,  heat- 
recuperative  furnaces.  On  the  other  hand,  the  heating  of  the  retorts  in 
direct-fired  Belgian  furnaces  with  an  inferior  coal,  such  as  that  of  Southern 
Illinois,  may  require  as  much  as  four  tons  per  ton  of  roasted  ore. 

Reduction  Material. — The  consumption  of  reduction  material,  i.e.,  the 
loan  coal,  cinder  or  coke  which  is  mixed  with  the  ore  to  be  distilled,  varies 
generally  between  10  and  (10%  of  the  weight  of  the  calcined  or  roasted  ore. 

Clay  for  Retorts  and  Condensers. — The  consumption  of  clay  for  the 
manufacture  of  retorts  and  condensers  amounts  to  about  0-10  ton  per  ton 
of  roasted  ore  when  the  distillation  is  done  in  Belgian  retorts.  In  Upper 
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Silesia  the  consumption  appears  to  range  between  0-07  and  0-13  ton  per  ton 
of  calcined  or  roasted  ore. 

Repairs  and  Renewals. — This  is  always  a  large  item  in  the  cost  of  zinc 
smelting,  chiefly  because  of  the  frequency  with  which  the  distillation  fur¬ 
naces  must  be  relined  and  the  comparatively  high  cost  of  effecting  such  a 
renewal.  This  will  naturally  van'  a  good  deal  according  to  the  excellence 
of  the  original  construction  of  the  furnaces,  the  manner  in  which  they  are 
operated  and  the  attention  which  is  given  them  during  the  campaign.  Re¬ 
pairs  on  other  parts  of  the  works,  including  the  roasting  and  miscellaneous 
furnaces,  steam  and  power  plant,  machinery,  buildings,  tramways,  etc.,  will 
of  course  vary  rather  widely  according  to  their  character,  first  cost  and 
the  manner  in  which  maintained.  It  is  always  difficult  to  make  an  accurate 
separation  between  the  sundry  supplies  which  are  required  for  regular  con¬ 
sumption,  such  as  oil,  waste,  etc.,  for  the  engines  and  machinery  and  those 
which  are  required  irregularly  for  repairs  and  renewals,  wherefore  it  is 
better  to  lump  all  those  items  together  unless  a  minute  and  elaborate  system 
of  bookkeeping  be  in  effect. 

Administration  and  General  Expense. — Tnder  this  caption  are  included 
the  salaries  of  executive  officers,  office  expenses,  postage,  stationery,  tele¬ 
graph,  telephone  and  traveling  expenses,  taxes,  insurance,  interest  and  dis¬ 
counts,  legal  expenses,  etc.  The  aggregate  amount  will  naturally  vary  a 
good  deal  according  to  the  magnitude  of  the  business  and  the  character  of 
the  management.  The  cost  of  purchasing  the  ore  supply  and  selling  the 
product  of  spelter  properly  falls  under  this  caption. 

Recovery  of  Metal. — It  has  previously  been  pointed  out  how  the  percent¬ 
age  of  metal  recovered  varies  with  the  character  of  the  ore  smelted  and 
its  tenor  in  zinc.  Some  specific  figures  as  to  this  may  he  found  in  Chapter 
XVII.  Speaking  generally  it  may  be  said  that  in  the  distillation  of  ore 
assaying  about  25%  Zn  in  Upper  Silesia  there  is  recovered  as  spelter  from 
TO  to  75%  of  the  zinc  contents  of  the  ore.  Belgian  and  Rhenish  smelters, 
distilling  ore  which  assays  45  to  50%  Zn,  win  from  85  to  90%  of  the  metal. 
The  Western  smelters  of  the  United  States,  distilling  a  higher  grade  and 
more  docile  ore,  recover  about  the  same  percentage  as  the  Belgians.  In 
both  cases  the  average  results  in  the  long  run  are  probablj'  nearer  the 
lower  figure  than  the  higher. 

The  percentage  of  metal  recovered  is  commonly  referred  to  the  ore  dis¬ 
tilled,  i.e.,  to  the  on?  after  it  has  Iwcn  roasted  or  calcined.  The  crude  ore 
is  subject  to  a  further  loss  in  roasting  or  calcining,  which  may  amount  to 
2  to  5%  of  its  zinc  contents,  but  with  proper  plant  and  attention  need  not 
be  anywhere  near  so  great. 
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Inasmuch  as  in  the  treatment  of  the  high  grade  ores  which  arc  smelted 
in  the  United  States  a  difference  of  1%  in  the  proportion  of  metal  recov¬ 
ered  corresponds  approximately  to  50c.  per  ton  of  raw  blende,  at  the  ordi¬ 
nary  price  of  spelter,  the  great  importance  of  considering  the  matter  of 
losses  in  smelting  in  connection  with  the  cost  of  smelting  is  quite  obvious. 

Conditions  in  Kansas. — Zinc  smelting  in  Kansas  was  until  recently  car¬ 
ried  out  contemporaneously  under  greatly  different  conditions,  not  however 
relating  to  the  character  of  the  ore  which  is  rather  uniform.  One  group 
of  smelters  employed  coal  as  fuel;  another  had  acquired  the  advantage  of 
a  natural  gas  supply.  In  each  group  some  smelters  roasted  by  hand  and 
others  by  mechanical  furnaces.  At  the  present  time  the  coal  smelteries  are 
mostly  idle,  having  been  unable  to  withstand  the  competition  of  the  gas 
smelteries,  but  although  the  latter  now  establish  the  market  conditions  they 
continue  to  be  of  various  degrees  of  efficiency.  The  difference  in  the  cost 
of  smelting  in  Kansas  under  various  conditions  is  illustrated  in  the  follow¬ 
ing  table: 


COST  OF  SMELTING  CONCENTRATED  BLENDE. 


• 

Item 

Cost  per  ton  of  roasted  ore  a 

Cost  per  ton  of  raw  ore 

Coal 

Natural  gas 

Coal 

Natural  gas 

Hand 

roast¬ 

ing 

Mech. 

roast¬ 

ing 

Hand 

roast¬ 

ing 

Mech. 

roast¬ 

ing 

Hand 

roast¬ 

ing 

Mech. 

roast¬ 

ing 

Hand 

roast¬ 

ing 

Mech. 

roast¬ 

ing 

Labor  c . . 

Fuel . 

Reduction  Material  d  . 
Clay,  for  retorts,  etc.  e . . 
Repairs,  renewals  and 
sundry  supplies  / .  . 

Total . 

$7*70 

62*63 

*55 

*30 

*87 

$0*78 

62*63 

•55 

•30 

*87 

$5*47 

*70 

*30 

*87 

$4*94 

*70 

*30 

*87 

$6*62 

2*26 

•47 

*26 

•75 

S5-82 

2*26 

*47 

*26 

•75 

$4-70 

*60 

*26 

*75 

S4*25 

*60 

*26 

*75 

12*05 

11*13 

734 

6*81 

10*36 

9*56 

6*31 

5*86 

a  The  roasted  ore >»  assumed  to  be  86%  of  the  weight  of  the  raw  ore  (dry).  6  Reckoning  a  con¬ 
sumption  of  3-5  tons  of  coal  @  75c.  per  ton,  equivalent  to  a  consumption  of  3  tons  per  ton  of  raw  ore 
c  Except  labor  charged  to  repairs  and  renewals,  d  Reckoning  05  ton  per  ton  of  roasted  ore', 
e  Reckoning  01  ton  per  ton  of  roasted  ore  f  Including  all  labor  properly  chargeable  to  account  of 
repairs  and  renewals,  besides  expense  of  putting  repaired  furnaces  in  operation,  etc. 


According  to  the  above  estimates  there  is  an  apparent  advantage  of  about 
$  1  per  ton  of  raw  ore,  equivalent  to  about  04c.  per  lb.  of  spelter  produced 
in  favor  of  smelting  with  natural  gas.  It  is  to  be  observed,  however  that 
the  natural  gas  is  assumed  as  costing  nothing,  which  is  an  erroneous  as¬ 
sumption,  inasmuch  as  the  expense  of  acquiring  the  land  whence  it  is 
obtained,  drilling  for  it,  piping  to  the  work,  and  maintaining  the  annnt  • 
must  be  el, urged  to  11, e  eort  of  smelting;  or  redeemed  out  of  tip.  prof,. 
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Mhich  is  the  same  thing.  In  view  of  the  uncertain  character  of  a  natural 
gas  supply  it  is  difficult  to  determine  this  factor,  which  is  largely  a  matter 
of  bookkeeping,  but  prudence  decrees  the  most  conservative  consideration 
of  it.  There  are  certain  smelters  in  the  Kansas  gas  fields  whose  gas  supply 
costs  very  little  because  of  the  small  original  outlay  to  secure  it;  there 
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Number  of  Works 


Capital  invested:  b 

Land . 

Buildings . 

Machinery  ard  tools 
Cash  and  sundries  . . 

Total . 

Ore  smelted . 

Dross  smelted . 

Spelter  produced . 

Sheet  zinc  produced. . . 
Sulph.  acid  produced  . 
Acid  phos.  produced. . 
Zinc  oxide  produced . . 
Av.  val.  of  spelter  c  .  .  . 
Av.  val.  of  sheet  zinc  c. 
Av.val.  sulphuric  acid  c 
Av.  val.  of  zinc  oxide  c. 
Number  of  men:  d 

Maximum . 

Minimum . 

Average . . 

Total  h.  p.  of  engines. . 
Cost  of  Production : 

Ore  e . 

Dross  e . 

Fuel . 

Rent  of  power . 

Mill  supplies. . 

Other  material . 

Freight . 

Labor . 

Salaries . 

Other  gen.  expense  / 


United 

States 

Illinois 

Indiana 

Kansas 

Missouri 

Pennsyl¬ 

vania 

Other 
States  a 

31 

5 

3 

11 

5 

3 

4 

$2 ,243,876 

SI  38,100 

$7,250 

$1,684,026 

$25,500 

$59,000 

$330,000 

5,470,590 

637,434 

108,454 

2,206,702 

288,000 

1,150,000 

1 ,080,000 

1 ,935,754 

1,095,041 

21,690 

405,404 

77,300 

190.000 

146.259 

4,491,590 

1,315,744 

7,441 

922,337 

413,229 

472,626 

1,360,213 

14,141,810 

3,186,319 

144,835 

5,218.529 

804,029 

1,871,626 

— 

2,916.472 

463.609 

92,400 

10,359 

131,407 

42,584 

45,627 

141.232 

12,578 

2,427 

9 .569 

e:eo 

131,540 

46,759 

4,359 

54,516 

18,107 

4,781 

4,024 

17,723 

17,723 

58,820 

58,828 

7,512 

7,512 

37,557 

9  644 

*>7  01  ^ 

$108*49 

$103*59 

$102*24 

$106*21 

$111*10 

$138*17 

$13309 

140*80 

140*80 

7*22 

7*22 

72*39 

80*84 

69*46 

5,944 

1,641 

190 

1,958 

537 

751 

867 

4,473 

1 ,476 

140 

1,186 

433 

593 

645 

4,869 

1.551 

119 

1,487 

500 

448 

764 

12,546 

3,294 

230 

2,330 

675 

3,921 

2,096 

$10,995,846 

$3,669,953 

$326,191 

S4,317,628 

$1,503,670 

$262,792 

$915,112 

644 ,645 

1 24 ,340 

506,242 

14,063 

751  !S39 

261,661 

8,058 

129,173 

93,534 

66,591 

192,822 

75  000 

75,000 

83,845 

24 .977 

1  445 

10,452 

2,412 

14,962 

29.897 

436.378 

205,538 

6.836 

41,103 

33.871 

45,605 

103.425 

298 ,505 

1 30  346 

44  669 

105  590 

17,900 

2,355!921 

758  !912 

58J3S 

705  803 

268,196 

174,510 

390,362 

440,200 

222,022 

7,650 

60,800 

36,880 

13.669 

99.179 

399,472 

109,407 

5,588 

81,169 

36,903 

4,869 

161,536 

a  Includes  two  works  in  New  Jersey  and  one  each  in  Virginia  and  Wisconsin,  b  Includes  the 
value  of  land,  buildings,  machinery*  tools  and  implements,  and  the  live  capital  utilized,  but  does  not 
include  the  capital  stock  of  any  corporations  reporting,  c  Values  at  the  works  where  produced. 
d  Includes  women  and  boys,  of  whom  the  number  is  insignificant  ;  does  not  include  proprietors, 
managers,  superintendents,  clerks  and  salesmen,  e  Cost  delivered  at  the  works.  /  Does  not  include 
selling  expense,  interest  on  capital  or  amortization  of  plant. 


arc  others,  owning  the  gas  rights  to  a  large  area  of  land,  to  whom  the  gas 
they  obtain  from  it  must  cost  a  good  deal.  Finally,  in  considering  the 
relative  economy  of  smelting  with  coal  and  with  natural  gas  it  must  be 
borne  in  mind  that  the  comparison  is  made  with  an  antiquated  and  un¬ 
economical  practice  of  smelting  with  coal  and  not  with  a  modern  one.  Tt 
is  obvious  that  as  between  a  natural  gas  smeltery  and  a  coal  smeltery 
equipped  with  gas-fired,  heat-recuperative  furnaces  and  a  complete  me- 
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chanical  system  of  handling  the  coal,  there  would  be  much  less  in  favor  of 
natural  gas  smelting  in  the  United  States,  where  coal  is  obtainable  so  cheaply 
in  many  districts. 

The  statistics  of  the  zinc  smelting  industry  collected  for  the  Twelfth 
Census  of  the  United  States  are  of  considerable  interest  in  this  connection, 
although  inasmuch  as  they  are  summarized  by  States,  instead  of  by  districts, 
and  include  the  returns  of  the  smelters  who  produce  zinc  white,  sheet  zinc, 
sulphuric  acid  and  acid  phosphate  of  lime  besides  spelter,  it  is  difficult  to 
make  purely  technical  deductions  from  the  data.  The  statistics  collected 
by  the  Census  cover  the  calendar  j-ear  1899;  unfortunately  the  conditions 
of  that  year,  in  so  far  as  the  zinc  smelting  industry  was  concerned,  were 
peculiar  and  abnormal,  which  fact  must  be  borne  in  mind  in  considering 
its  statistics.  The  latter,  as  reported  by  the  Census,  with  the  interpolation 
of  some  averages,  are  summarized  in  the  accompanying  table,  in  which  the 
quantities  of  ore  and  dross  smelted,  and  spelter,  sheet  zinc,  oxide,  sulphuric 
ac  id  and  acid  phosphate  of  lime  produced  are  reported  in  tons  of  2000  lb., 
the  average  values  being  given  per  ton.1 

^ie  accompanying  table,  it  is  to  be  remarked  that  the  great 
difference  in  the  values  of  the  spelter  produced  in  the  East  and  West,  i.e., 

•  f'65®  (!‘90c-  vs*  5-!0@5-55c.  per  lb.,  is  due  partly  to  the  superior  quality  of 
ic  omier  metal.  Also  it  is  to  be  borne  in  mind  that  there  were  wide  fluc- 
ua  ions  in  price  in  1899  and  the  period  of  the  year  at  which  the  product 

TtuwT  mak,e  a  great  difforence*  111  the  latter  half  of  the  year  most 
i  J  ,,  eS  ern  sme  tors  \v  ere  operating  at  a  greatly  reduced  rate,  and  some 
closed  their  works  entirely. 

lawlTtflV'  ,tb!  "'0r]tS  0t  In,liana-  Kansas  Missouri  and  the 
fuel  used,  was  as  follows*™  °  SPdte’  SeSreSated  according  to  the  kind  of 


Spelter 
short  tons 

siaSiS^lwnMi^-. 

24,219 

14,151 

Kansas . 

Indiana.  . . 


Spelter 
*Hort  tons 


40.1 25 
4,359 


Wages 
per  ton 

Fuel 
per  ton 

$15-53 

$419 

14-06 

5-6S 

Wages 

Fuel 

Per  ton 

per  ton 

$1-38 

13*34 

2-99 

1  Compiled  fro  No  124  - - 

I>er  and  Zinc  Smelting  and  Refining 
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1  Iig  above  \\  orks  produced  only  spelter,  no  by-products  being  recovered. 
I  nd er  the  caption  of  fuel,  the  coal  and  coke  used  for  reduction  material  was 
doubtless  included,  although  it  was  not  so  stated  in  the  report.  It  was  not 
stated  what  value,  if  any,  was  put  on  the  natural  gas  consumed. 

(  auditions  in  huvopc . — It  is  even  more  difficult  to  generalize  with  re¬ 
spect  to  the  cost  of  zinc  smelting  in  Europe  than  it  is  ill  Ivansas,  because  the 
conditions  differ  so  widely.  In  good  practice  in  Belgium  the  distillation 
oi  1000  kg.  of  roasted  blende  or  calcined  calamine  requires  about  1250  to 
1500  kg.  of  heating  coal,  400  kg.  of  reduction  coal  and  100  kg.  of  fire  clay. 
In  Rhenish  Prussia  and  Westphalia  the  consumption  of  heating  coal  for  the 
same  grade  of  ore  is  probably  not  more  than  1250  kg.  on  the  average, 
being  in  some  instances  as  low  as  1000  kg.  Assuming  that  the  roasted 
blende  were  derived  from  raw  ore  assaying  about  45%  Zn  and  that  the 
latter  would  lose  12-5%  of  its  weight  in  roasting,  1-14  tons  of  blende  would 
be  required  to  produce  one  ton  after  roasting.  A  coal  consumption  of 
1-9  tons  per  ton  of  roasted  ore  would  be  equivalent  therefore  to  only  1*66% 
per  ton  of  raw  ore;  similarly  the  consumption  of  clay  would  be  reduced  to 
100-^1-14=87-7  kg.  The  consumption  of  0-25  ton  of  coal  in  roasting  a  ton 
of  ore  would  make  the  total  l-607-|-0-25=l-917  per  ton  of  raw  ore.  The 
yield  of  spelter  in  the  best  practice  might  be  as  high  as  90%,  or  450X0-09 
—405  kg.  per  metric  ton  of  ore. 

Expressed  generally  the  European  smelters  have  the  advantage  over  the 
American  of  a  rather  better  practice  in  distillation  and  a  better  grade  of 
coal,  leading  to  a  higher  percentage  of  metal  extraction  and  lower  con¬ 
sumption  of  coal,  which  is  partly  offset  by  the  higher  cost  of  the  latter. 
They  have  also  the  advantage  of  much  cheaper  labor,  which  in  its  most 
important  branch,  i.e.,  the  management  of  the  distillation  furnaces,  is  quite 
as  efficient  as  the  American.  On  the  other  hand,  in  those  branches  where 
the  use  of  mechanical  methods  is  possible,  especially  in  roasting  and  the 
handling  of  material,  the  Americans  have  offset  the  higher  cost  of  their 
labor  by  increasing  its  efficiency. 

According  to  Ad.  Firket1  there  were  smelted  in  1898  at  the  twelve  works 
of  Belgium  291,977  metric  tons  of  ore  and  11,770  tons  of  between-products, 
a  total  of  303,747  tons,  which  yielded  119,071  tons  of  spelter  and  required 
the  consumption  of  624,511  tons  of  coal.  These  figures  refer  chiefly  to  the 
distillation  process,  because  in  Belgium  the  roasting  of  blende  and  the  cal¬ 
cination  of  calamine  is  done  generally  at  different  plants  from  the  smelter¬ 
ies  proper.  Ignoring  the  consumption  of  coal  in  the  roasting  of  compara¬ 
tively  small  quantities  of  ble.nde  that  may  have  been  done  in  direct  con- 

1  Annales  des  Mines  de  Belgique,  VI,  I,  21. 
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neetion  with  the  distillation  process,  it  may  be  considered  that  the  actual 
distillation  of  119,671  tons  of  spelter  required  the  total  consumption  of  coal 
reported,  or  624,511-i-l  19,671=5-2  tons  per  ton  of  metal  produced.  As¬ 
suming  that  the  reduction  material  amounted  to  40%  of  the  weight  of 
the  ore  smelted,  or  121,500  tons,  the  consumption  of  heating  coal  for  dis¬ 
tillation,  manufacture  of  retorts,  power,  etc.,  was  1-65  tons  per  ton  of  ore 
smelted.  I  his  is  the  general  average  of  all  kinds  of  furnaces,  including 
direct  tired  and  gas  fired,  the  former  in  many  cases  of  ancient  designs  and 
the  latter  with  and  without  recuperation  of  heat.  The  ore  smelted  averaged 
45-48%  Zn  and  4*35%  Pb.  Assuming  that  these  averages  apply  to  all  the 
material  smelted,  including  the  between-products,  its  total  zinc  content  was 
138,144  tons  and  the  average  saving  of  metal  as  spelter  86-627%.  Presum¬ 
ably  this  does  not  include  the  comparatively  small  additional  quantity  re¬ 
covered  and  marketed  as  zinc  dust. 

h.}nen  states  that  the  cost  of  distillation  in  Rhenish  Prussia  and  West¬ 
phalia  per  metric  ton  of  calcined  ore  is  as  follows:  coal,  15s.;  labor,  12s.; 
refractory  material,  6s.;  other  supplies,  repairs  and  renewals  and  general 
expense,  7s.  Converting  shillings  into  United  States  currency  at  the  rate  of 
ls.=25c.,  the  above  figures  are  reduced  to  the  following  per  short  ton  (2000 
lb.) :  Coal,  $3-40;  labor,  $2-72;  refractory  material,  $1-37;  other  supplies, 
repairs  and  renewals  and  general  expense,  $1-59 ;  total,  $9-08. 

In  Upper  Silesia  the  average  cost  of  labor  for  the  distillation  and  acces¬ 


sory  process  appears  to  be  about  $l-95@$2-375  per  2000  lb.  of  ore,  not 
including  the  cost  of  roasting,  varying  according  to  the  rate  of  wages.1 
At  the  comparatively  high  rate  of  wages  that  prevailed  in  1900  the  labor 
cost  at  one  works  was  only  $1-685  and  at  another  $2-15  per  1000  k»  of 
ore,  corresponding  to  $1-53  and  $1-95  per  2000  lb.  respectively.  In  both 
eases  the  distillation  was  done  in  gas-fired  furnaces  of  large  size  The 
average  consumption  of  heating  coal  in  Upper  Silesia  appears  to  be  about 
1-5  to  1-65  tons  per  ton  of  ore,  a  minimum  of  0-8  having  been  reported 
m  1900  by  one  works  which  uses  large,  Siemens  regenerative  furnaces 
Itemization  of  Accounts  in  Zinc  Sm elti ng.  The  accounts  of  a  zinc 
smelting  works  should  be  kept  in  such  a  manner  as  to  show  the  actual  co<t 
of  production  in  each  step  of  the  process.  A  convenient  system  of  itemiza 

lion  which  is  capable  of  considerably  more  or  less  elaboration  and  is  easilv 
conformed  to,  is  as  follows:  “  J 


1  According  to  the  statistics  of  the  Ober-  1805;  820-58  In  icon, 

sehlesischen  Berg-und  IlUttenmiinnischen  895-70  Irfi *08  •  qoo.ei,  833,87  In  1807; 

Veroln  the  average  earnings  of  the  men  over  in  1000.  Estlmnn”  0°  1800  :  nn(1  10°5-G3 
10  years  of  age  employed  In  the  zinc  smelt-  annum  tliosn  fin-,  Worklnff  days  per 

erles  of  that  district  were  81 1*32  marks  I11  pPr  (jay  g  lros  correspond  to  G0@80c. 
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I.  General  expenses: 

a  Interest,  taxes  and  insurance, 
b  Salaries. 

c  Other  expenses  of  administration. 

II.  Labor: 

a  General, 
b  Steam  and  power. 

c  Yard  labor  and  transportation  of  material, 
d  Crushing  and  sampling  ore. 
e  Roasting, 
f  Distillation. 

g  Retort  and  condenser  manufacture, 
h  Repairs  and  renewals  account. 

III.  Fuel: 

a  lllende  roasting  furnaces. 

b  Distillation  furnace  heating  coal  (including  steam  coal  for  blowing  gas 
producers). 

c  Reduction  material  (coal  and  coke). 

d  Coal  for  steam  and  power  (including  heating  of  pottery), 
e  Coal  for  heating  chamotte  kilns  and  tempering  furnaces. 

IV.  Refractory  material: 

a  For  retorts, 
b  For  condensers. 

e  For  repairing  and  rebuilding  furnaces. 

V.  Other  supplies,  including  all  charges  for  repairs  and  renewals  not  elsewhere 
counted. 

This  system  of  accounts  covers  the  entire  cost  of  production  at  the  works. 
There  will  be  a  further  charge  to  be  made  against  the  product  to  cover 
selling  expenses,  either  in  the  form  of  commissions  or  as  salaries  and  ex¬ 
penses  of  sales  agents.  The  cost  of  production  is  divided  according  to 
general  expense,  labor,  fuel,  refractory  material,  and  other  supplies,  includ¬ 
ing  repairs  and  renewals,  which  are  the  principal  items  that  concern  the 
commercial  management  of  a  zinc  smelting  business.  It  is  important,  how¬ 
ever,  for  the  technical  management  to  he  able  to  determine  the  cost  accord¬ 
ing  to  the  technical  stages  of  the  process,  e.g.,  crushing  and  sampling,  roast¬ 
ing,  distillation,  retorts  and  condensers,  etc.  The  costs  by  such  divisions 
are  found  readily  by  combining  the  cost  of  material  under  the  respective 
captions  with  the  corresponding  cost  for  labor  under  that  general  caption. 
An  elaborate  system  in  the  organization  of  a  works  is  required,  however,  to 
permit  an  exact  itemization  of  costs  in  that  manner,  which  can  only  be 
done  when  miscellaneous  supplies  are  segregated  according  to  their  use  in 
the  power  plant,  the  roasting  department,  distillation  department,  crushing 
and  sampling  mill,  etc.  This  involves  the  maintenance  of  a  warehouse  in 
charge  of  a  capable  storekeeper  from  which  supplies  will  be  debited  to  the 
various  departments  as  called  for.  This  is,  however,  an  advisable  system  to 
adopt  for  more  reasons  than  one.  The  close  supervision  of  the  stores 
which  is  made  possible  thereby  tends  to  reduce  waste  of  them ;  and  charg¬ 
ing  them  to  the  various  departments  where  required  promotes  further 
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economy.  All  kinds  of  supplies  purchased  should  he  charged  therefore  to 
the  storekeeper,  who  will  be  responsible  for  them  and  will  in  turn  charge 
them  to  the  several  parts  of  the  works  where  needed. 

There  is  greater  difficulty  in  keeping  account  of  repairs  and  renewals, 
which  it  is  nevertheless  highly  important  to  know.  A  portion  of  the  sup¬ 
plies  drawn  from  the  warehouse,  e.g.,  oil,  waste,  tools,  etc.,  constitute 
articles  of  regular  consumption,  while  another  portion  will  be  for  the 
ordinary  repairs  and  renewals,  i.e.,  for  maintenance  of  plant,  and  a  third 
portion  will  be  for  the  account  of  new  construction.  Moreover,  the  general 
labor  of  the  works  will  be  divided  in  an  equally  complex  manner.  In  order 
to  return  those  accounts  segregated  according  to  departments,  the  ma¬ 
chinists,  smiths,  masons,  carpenters,  etc.,  should  be  in  charge  of  a  master 
mechanic  (this,  of  course,  contemplates  a  large  works),  who  will  keep  a 
record  of  the  employment  of  labor  in  his  department  and  the  material 
used  as  if  he  were  conducting  an  independent  business.  In  this  way  the 
a££regate  cost  of  (1)  repairs  and  renewals  and  (2)  new  construction  will 
be  known.  There  is  a  further  difficulty  in  subdividing  the  cost  of  power 
between  the  various  departments,  e.g.,  the  crushing  and  sampling  mill,  the 
pottery,  the  mechanical  roasting  furnaces  and  other  parts  of  the  works  in 
which  it  is  used,  but  which  must  be  known  if  for  example  the  cost  of  roast¬ 
ing  is  to  be  determined.  Practically  the  only  method  by  which  this  can 
be  debited  is  to  compute  the  cost  of  one  horse  power  hour  for  the  whole 
plant  and  charge  each  department  according  to  the  amount  of  power  used. 

The  detail  with  which  these  accounts  can  be  conveniently  itemized  differs 
naturally  at  various  works,  but  as  a  general  thing  it  may  be  assumed  that 
the  greater  the  detail  in  their  preparation  the  better  will  be  the  commercial 
and  technical  results  of  the  business,  because  of  the  better  control  over  the 
work  that  is  made  possible.  A  well  designed  works  should  have  arrange¬ 
ments  for  determining  the  weight  and  grade  of  the  ore  received,  the  weight 
and  grade  of  the  dry  ore  delivered  to  the  roasting  department,  and  the 
weight  and  grade  of  the  desulphurized  ore  delivered  by  the  latter  to  the 
distillation  department.  There  should  be  provided  also  scales  for  determin¬ 
ing  the  weight  of  the  coal  delivered  to  the  various  departments.  The 
weight  of  the  spelter  produced  will  be  known,  of  course.  From  these  data 
the  percentage  of  metal  recovered  from  the  ore  and  the  losses  in  handling, 
roasting  and  distillation  can  be  determined. 

The  difference  between  the  value  of  products  sold  and  the  cost  of  produc¬ 
tion,  repairs  and  renewals  being  charged  in  the  latter,  will  represent  the 
gross  profit  of  the  business.  From  the  gross  profit  a  charge  must  be  made 
to  cover  amortization  of  the  plant,  because  an  industrial  business  to  be 


COST  OF  PKODUCING  ZINC. 


009 


profitable  must  not  only  show  a  profit  in  operation,  but  also  a  profit  large 
enough  to  return  a  reasonable  percentage  on  the  investment,  besides  redeem¬ 
ing  the  investment  within  a  comparatively  short  period,  say  10  years.  If 
that  period  be  adopted  as  that  in  which  the  works  must  return  their  first 
cost,  an  annual  deduction  of  10%  from  the  gross  profits  must  be  made  for 
the  account  of  amortization.  The  remainder  will  be  the  net  profit  avail¬ 
able  for  payment  of  dividends. 

In  reckoning  an  amortization  period  of  10  years,  it  is  not  contemplated 
that  such  a  time  will  represent  the  life  of  the  business,  nor  even  that  the 
plant  will  be  worn  out  in  that  time,  it  being  assumed  that  the  repairs  and 
renewals  will  be  made  with  sufficient  foresight  and  liberality  to  maintain 
the  original  plant  at  approximately  its  original  efficiency,  but  a  far-seeing 
management  must  be  prepared  to  throw  away  a  physically  good  plant,  and 
replace  it  with  something  new,  whenever  the  progress  in  industrial  science 
has  presented  something  better;  and  this  policy  can  be  followed  properly 
only  by  having  a  reserve  fund  especially  applicable  to  such  a  purpose.  The 
deduction  from  the  gross  profits  for  amortization  of  plant  will  therefore  be 
accumulated  as  a  reserve  fund,  which  may  be  drawn  from  for  the  con¬ 
struction  of  new  plant,  and  if  a  proper  deduction  for  such  be  made  and  if 
repairs  and  renewals  be  properly  kept  up  it  is  unnecessary  to  charge  new 
construction  to  operating  expenses  as  is  sometimes  done.  If  no  allowance 
for  amortization  be  made,  however,  new  construction  ought  to  be  charged 
directly  to  operating  expenses.  In  that  case  profits  are  likely  to  exhibit 
great  fluctuations  from  year  to  year,  and  there  is  no  doubt  that  it  is  better 
business  management  to  carry  a  proper  amortization  account  and  charge 
new  construction  against  it. 

Assuming  that  10%  per  annum  be  a  reasonable  deduction  from  the  gross 
profits  for  amortization  of  plant,  a  new  industrial  enterprise  ought  to  be 
able  to  show  a  gross  profit  of  20  to  25%  in  order  to  make  a  proper  return 
for  the  money  invested,  taking  into  consideration  all  the  dangers  of  inter¬ 
ruption  to  business  by  strikes,  fire  or  destruction  of  property  otherwise,  risks 
in  business  management,  danger  of  more  powerful  competition,  etc. 
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DESIGN  AND  CONSTRUCTION  OF  SMELTING  WORKS. 


The  design  and  equipment  of  zinc  smelting  works  differs  so  greatly  that 
there  is  little  use  in  attempting  to  select  any  typical  example  from  practice. 
Most  existing  zinc  smelting  works  both  in  Europe  and  America  have  been 
the  result  of  a  gradual  development,  and  it  is  rare  to  find  any  works  evolved 
in  that  manner  in  which  the  proper  correlation  of  all  parts  has  been  ob¬ 
served.  There  are,  however,  various  general  principles  governing  the  ar¬ 
rangement  of  a  zinc  smelting  works  in  order  to  secure  the  best  economical 
results  which  may  be  confidently  laid  down  as  a  guide  for  the  design  ol  a 
new  works.  It  will  be  understood,  of  course,  that  there  may  be  as  great  a 
variety  in  the  equipment  of  a  zinc  smelting  works  as  in  other  kinds  of  smelt¬ 
ing  works,  with  the  result  that  the  total  cost  of  the  plant  may  range  from 
$8  per  ton  of  annual  capacity  (on  the  basis  of  blende  assaying  60%  Zn) 
to  $16  per  ton.1  The  equipment  of  a  works  is  governed  naturally  by  the 
economical  conditions  of  the  locality  where  they  are  to  be  situated.  It  is 
obviously  unwise  to  build  a  works  costing  $16  per  ton  of  capacity  unless 
that  high  first  cost  can  be  shown  to  lead  to  a  lower  cost  of  smelting  and 
higher  recovery  of  metal  as  compared  with  a  works  costing  only  $8  per 
ton,  sufficient  to  return  a  larger  interest  on  the  investment  after  deducting  a 
proper  amount  for  amortization  of  the  capital.  Accepting  that  a  works 
can  be  built  for  as  little  as  $8  per  ton,  the  increase  in  cost  over  that  figure 
will  be  due  chiefly  to  the  employment  of  a  better  grade  of  structural  material, 
which  will  tend  to  reduce  the  repairs  and  renewal  account  in  subsequent 
operation,  and  the  introduction  of  means  for  handling  mechanically  the 
ore  and  coal  and  other  material,  for  reducing  the  consumption  of  coal 
and  for  increasing  the  recovery  of  metal.  Inasmuch  as  the  chief  factors  in 
the  cost  of  smelting  zinc  ore  are  in  any  ease  the  cost  of  the  coal  and  cost 
of  the  labor,  and  inasmuch  as  a  large  part  of  the  cost  of  the  latter  is  involved 

1  It  Is  to  bo  remarked  that  American  zinc  calamine  Is  the  only  ore  treated.  In  Europe 
smelteries  invariably  include  blende  roasting  in  many  cases  the  roasting  department  Is  a 
departments,  save  in  the  few  cases  where  separate  Installation. 
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in  the  handling  of  the  large  quantities  of  material  which  is  necessary  in 
zinc  smelting,  it  is  likely  to  be  found  that  the  gain  in  those  items  will  more 
than  offset  the  extra  cost  of  plant  up  to  a  rather  high  figure. 

Location. — It  is  a  well  established  principle  in  locating  a  zinc  smelting 
works  that  in  view  of  the  large  quantity  of  coal  required  in  smelting  zinc 
ore,  which  under  the  most  favorable  conditions  is  likely  to  be  close  to  two 
tons  of  coal  per  ton  of  ore,  it  is  cheaper  to  carry  the  ore  to  the  coal  than 
the  coal  to  the  ore.  If  the  ore  can  be  carried  to  coal  in  the  'direction  of 
the  final  market  for  the  products,  rather  than  to  coal  in  an  opposite  direc¬ 
tion,  so  much  the  better.  This  subject  involves,  however,  a  consideration 
of  the  complicated  questions  of  railway  carriage  and  freight  rates,  and  it  is 
impossible  to  lay  down  general  rules. 

Topography  of  Ground. — In  selecting  a  particular  site  for  a  works  the 
points  for  chief  consideration  are  a  topography  which  will  permit  of  the 
most  harmonious  arrangement  of  the  various  parts  and  the  most  economical 
storage  of  the  huge  quantity  of  waste  products;  i.e.,  coal  ashes  and  retort 
residues,  that  will  be  produced.  The  question  which  used  to  trouble  lead 
and  copper  metallurgists,  and  may  do  so  still,  as  to  whether  a  works  should 
be  located  on  a  sloping  or  a  level  site,  does  not  concern  the  zinc  smelter. 
His  plant  will  necessarily  cover  so  large  an  area  that  it  would  be  impossible 
to  arrange  the  parts  so  that  the  ore  would  go  from  one  step  to  the  next  by 
gravity,  even  if  he  wished  it  to  do  so.  The  ideal  topography  for  a  zinc 
smelting  plant,  in  so  far  as  the  furnaces  and  buildings  are  concerned,  is  the 
smoothest  and  most  nearly  level  that  can  be  found.  With  a  sloping  and 
irregular  surface  the  first  cost  of  the  works  will  be  increased  by  the  extra 
amount  of  grading  that  will  be  necessary  and  the  outlay  for  retaining  walls, 
of  which  none  will  be  required  if  the  site  be  level. 

The  question  as  to  the  method  of  building  the  distillation  furnaces  with 
respect  to  the  general  ground  level  has  been  discussed  in  Chapter  X 
(,|.  v.).  The  tendency  of  not  a  few  engineers  is  to  build  them  entirely 
above  ground  (of  course  on  a  proper  subterranean  foundation),  with  an  ele¬ 
vated  operating  platform,  just  as  in  the  modern  practice  of  installing  open 
hearth  steel  furnaces.  It  may  be  urged  that  even  if  that  be  done  it  would 
be  best  to  set  the  distillation  furnaces  on  a  lower  terrace,  so  that  the  operat¬ 
ing  platform  will  be  level  with  the  ground  on  which  the  roasting  furnaces 
are  located  and  the  ore  can  be  trammed  directly  from  the  roasting  furnaces 
to  the  distillation  furnaces;  or  still  better,  locate  on  three  terraces,  the 
roasting  furnaces  on  the  first,  cooling  and  storage  floors  on  the  second  and 
distillation  furnaces  on  the  third.  The  objections  to  such  an  arrangement 
would  be  as  follows :  (1 )  the  deposition  of  the  ore  from  the  roasting  furnaces 
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on  a  cooling  floor  necessitates  a  rehandling  of  the  entire  quantity,  which 
can  be  obviated  by  conveying  mechanically  the  ore  from  the  roasting  fur¬ 
naces  to  hopper-bottom  bins,  whence  it  may  be  drawn  by  gravity  after 
cooling,  and  such  an  arrangement  does  not  require  a  terrace;  (2)  in  a 
modern  works  the  charge  will  probably  be  mixed  mechanically  before  going 
to  the  distillation  furnaces,  and  since  such  a  process  implies  a  mechanical 
elevation  of  the  material  it  may  as  well  be  delivered  to  the  distillation 


Ash  Dump 


Scale  of  Feet 


Fig.  394.  Plan  of  Works  of  Edgar  Zinc  Co.  at  Cherrtyale,  Kan. 


At  present  this  plant  lias  one  additional  roasting  furnace  and  two  additional  distlilntinn 
furnace  houses.  Each  of  the  distillation  furnace  house*  comprises  three  f u rnaces  of  200 


retorts. 


furnaces  at  any  desired  level.  There  would  be  therefore  nothin^  to  be 
gained  from  a  three-terrace  location  and  a  good  deal  to  be  lost. 

When  the  distillation  furnaces  are  arranged  in  line,  end  to  end  it  is 
convenient  to  set  the  house  at  the  beginning  of  a  gentle  declivitv,  which 
enables  the  ore  to  come  in  on  the  ground  level  on  one  side,  and  the  a*hes 
to  go  out  upon  the  ground  level  on  the  other  side.  Numerous  of  the  plants 
m  Belgium  are  built  on  that  plan,  several  of  them  being  situated  on  the 
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bank  of  the  River  Mouse,  Nvhieh  presents  the  desired  slope.  However,  Ibis 
requires  a  large  excavation  and  a  good  deal  of  masonry,  and  the  convenience 
is  of  doubtful  advantage.  It  is  feasible  only  with  a  single  line  of  furnaces, 
extensions  of  which  diminish  the  compactness  of  the  plant,  although  it  will 
be  observed  that  in  Belgium  the  furnaces  are  placed  very  near  together  and 
a  good  many  of  them  are  grouped  in  a  house  of  very  moderate  dimensions. 

Disposition  of  Ashes  and  Residuum. — Besides  the  arrangement  of  the 
furnaces  and  buildings  of  a  zinc  smeltery,  a  highly  important  matter  in  the 
consideration  of  the  location  of  a  works  is  the  convenient  disposition  of  the 
ashes  and  residues.  The  quantity  of  these  that  u  ill  be  produced  depends 
obviously  upon  the  grade  of  the  ore  to  be  smelted,  the  quantity  of  fuel  that 
has  to  be  consumed,  and  the  percentage  of  ash  in  the  latter.  These  must  bo 
calculated  for  each  particular  case.  It  Nvill  be  found,  however,  that  even 
with  the  highest  grade  of  ore,  the  smallest  consumption  of  coal,  and  the 
lowest  tenor  of  ash  in  the  latter  that  can  be  expected,  the  quantity  of  ashes 


and  residues  produced  Nvill  at  least  amount  to  0-5  ton  ]>or  ton  of  ore  smelted, 
and  mav  easilv  amount  to  one  ton  per  ton  of  ore  smelted.  Retort  residues 
weigh  from  50  to  GO  lb.  per  cu.  ft.,  and  coal  ashes  approximately  the  same, 
these  weights  being  of  the  material  in  a  loose  form ;  under  pressure  the 
weight  per  cubic  foot  is  of  course  increased  to  some  extent.  Assuming  that 
one  ton  of  ore  makes  only  0-5  ton  of  ash  and  that  the  latter  weighs  50  11). 
per  cu.  ft.,  the  smelting  of  10,000  tons  of  ore  per  annum  will  produce  5000 
tons  of  residue,  the  storage  of  which  will  require  200,000  cu.  ft.  If  the 
ashes  be  piled  10  ft.  high,  they  will  cover  20,000  sq.  ft.,  or  approximately 
half  an  acre.  Ten  years’  storage  would  require  therefore  five  acres;  if  the 
ashes  were  piled  only  half  as  high  10  acres  would  be  required,  rhese 
figures  indicate  the  magnitude  of  the  problem. 

The  ideal  location  of  a  zinc  smeltery,  with  a  view  to  disposition  of  the 
ashes,  is  a  level  area  for  the  furnaces  and  buildings,  abutting  on  a  steep 
declivity,  on  the  slope  of  which  the  ashes  can  be  dumped.  The  distillation 
furnaces  will  be  naturally  aligned  parallel  with  the  slope,  either  with  ends 
opposite  or  sides  opposite,  so  that  ashes  will  need  to  be  trammed  the  mini¬ 
mum  distance.  The  steeper  the  slope  and  the  greater  the  fall,  the  less 
distance  will  the  ashes  have  to  be  conveyed  and  the  less  the  area  that  will 
he  covered  by  their  accumulation.  If  such  a  topography  be  unavailable, 
and  if  we  go  to  the  other  extreme  of  convenience,  namely,  a  level  or  nearly 
level  prairie,  such  as  constitutes  the  location  of  many  works  in  >  ansas 
the  problem  of  ash  disposition  becomes  most  senous.  At  such  works,  if 
thev  be  small  and  ^economically  operated,  it  is  the  common  custom  to 
accumulate  the  ashes  in  unsightly  mounds  around  the  works,  up  the  slopes 
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of  which  they  must  he  hauled  in  carts.  If  a  large  works  designed  with  a 
view  to  economical  operation  were  confronted  by  such  an  unfavorable  topog¬ 
raphy,  the  solution  of  the  difliculty  would  be  obviously  in  a  system  of  ele¬ 
vating  mechanically  the  ashes,  of  the  nature  of  those  which  are  employed  for 
the  disposition  of  slag  at  some  lead  and  copper  smelting  works. 

The  retort  residues  are  used  to  a  considerable  extent  in  the  United  States 
for  railroad  ballast,  being  a  very  good  material  for  that  purpose.  In  the 
Western  States,  where  stone  and  gravel  are  comparatively  expensive,  the 
railway  companies  are  frequently  glad  to  remove  the  residues,  if  the  latter 
are  deposited  in  such  a  way  that  they  can  be  cheaply  loaded  on  the  cars, 
and  sometimes  may  be  willing  to  pay  a  small  price  for  them. 

Storage  of  Ore,  Coal  and  Material. — In  large  smelting  works  there 
must  be  provided  ample  capacity  for  the  storage  of  ore,  coal  and  other 
supplies,  so  that  the  operation  of  the  works  may  be  independent  of  tempor¬ 
ary  difficulties  at  the  mines  or  on  the  railways.  As  a  general  rule,  the 
farther  the  works  are  distant  from  the  mines,  the  greater  the  stock  of  ore 
that  must  be  carried,  not  only  because  of  the  longer  period  that  the  ore 
will  be  in  transit,  but  also  because  of  the  more  difficulties  that  may  happen 
in  the  longer  line  of  supply.  There  will  be  less  difference  in  the  stock  of 
coal,  because  it  is  presupposed  that  in  any  case  the  works  will  be  situated 
neai  a  coal  supply.  The  stock  of  fire  clay  is  of  less  consequence,  partly 
because  the  quantity  required  is  proportionately  small  and  partly  because 
the  supply  of  finished  retorts  and  condensers  that  must  be  kept  in  stock  is 
necessarily  so  large  that  a  temporary  cutting  off  of  the  raw  material  would 
not  be  likely  to  cause  trouble.  The  question  of  retorts  and  condensers  has 

been  discussed  in  a  previous  chapter  relating  to  the  manufacture  of  those 
articles. 


ll,o  ore  being  chiefly  in  the  form  ot  fine  concentrates  will  come  to  the 
works  in  box  cars  which  must  be  unloaded  by  hand,  there  being  no  efficient 
moelmnica  method  of  discharging  that  type  of  car.  A  sample  of  the  ore 
wi  t  he  taken  undoubtedly  during  the  unloading  of  the  car,  that  being  a 

“ a  ""0’  in'1.(,l.bemg.de?irabk  k-ow  the  composition  of  ever, 
lot  ot  ore  as  soon  as  it  is  received  in  Ft,n  .  ,  ,,r  ,  ,/ 

sampled  ore  opinions  may  d ife  It  t 2  ,  *°  *“  ,,on,<w  of  «“ 

method  which  fs  most  expeusive  in  L  ,  ,  1  *  q,U!st,on  °f  cost  Tbe 

operation  is  to  run  the  railway  car.  up  an  inc?  *  7P<f  ™  8l,b8wIn<“nt 
of  I, ins  will,  sloping  bottoms  from  which  1  "  T  °  *  r<“t  f'  M,i"d  a  'mc 
small  tram-car,  or  a  mechanical  r  .. .  "nS  ""  °re  bo  <lra""  int0  * 
laborious  rehandling,  which  will  b,  n  ^  noccssit-v  of  the 

bins  on  tlie  ground  level  \nnll  ‘‘oessary  if  the  ore  bo  dumped  into 
8  level.  Another  way  is  to  keep  the  railway  ears  on  the 
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general  ground  level  and  push  each  car  to  be  unloaded  opposite  a  chute 
leading  to  the  boot  of  a  belt  elevator ;  the  ore  being  dumped  into  the  chute 
is  elevated  to  any  height  desired  and  discharged  into  a  small  receiving 
hopper,  whence  it  is  drawn  into  a  tram-car  and  conveyed  to  the  final  storage 
bin;  the  plants  of  the  Lanyon  Zinc  Co.  at  Iola,  Ivan.,  are  arranged  in  this 
manner,  which  gives  command  of  a  large  storage  area,  but  unless  the  bins 
are  made  self-discharging  the  ore  has  to  be  rehandled,  of  course,  by  shovel¬ 
ing.  In  small  works,  where  the  quantity  of  ore  carried  in  stock  is  not 
large,  the  general  method  is  to  unload  the  cars  directly  into  a  line  of  bins 
on  the  ground  level.  Inasmuch  as  the  floor  of  the  ordinary  box  car  is 
4  ft.  above  the  rails  and  concentrated  blende  is  heavy  material  (it  is  quite 
safe  to  reckon  Joplin  concentrates  at  125  lb.  per  cu.  ft.  or  16  cu.  ft.=2000 
lb.)  storage  for  a  considerable  quantity  of  ore  is  obtained  in  that  manner 
without  excessively  long  leads  in  wheeling  or  having  to  wheel  the  barrows 
up  grade.1 

The  cars  having  been  weighed  upon  receipt  at  the  works  and  samples  of 
the  ore  having  been  taken  as  they  were  unloaded,  the  metallurgist  knows 
not  only  the  weight  but  also  the  composition  of  the  ore  in  each  pocket  or 
bin  and  is  able  to  draw  therefrom  as  desired  in  order  to  make  any  desirable 
mixture. 

The  storage  of  coal  is  a  good  deal  more  difficult  problem  than  the  storage 
of  ore,  inasmuch  as  the  quantity  required  is  greater  and  instead  of  follow¬ 
ing  a  single  line  through  the  works,  it  must  be  distributed  to  numerous 
places.  The  method  of  storage  will  be  so  much  dependent  upon  the  method 
of  distribution  throughout  the  works  that  no  general  principle  can  be  laid 
down.  This  is  a  matter  which  should  be  left  to  the  consulting  engineer.  It 
may  be  said  that  the  coal  will  probably  be  received  in  hopper-bottomed  cars, 
and  arrangements  should  be  made  to  take  the  coal  from  them.  Hopper- 
bottomed  cars  for  the  transport  of  coal  are  now  in  general  use  in  the 
eastern  part  of  the  United  States,  and  it  is  only  a  matter  of  a  few  years 
before  they  will  undcmbtedly  be  used  exclusively  in  all  parts  of  the  I  nited 
States,  since  the  old  type  of  cars  is  rapidly  being  destroyed  by  making  up 
into  trains  with  heavier  cars  and  it  is  being  replaced  by  the  more  modern 
form.  The  coal  storage  problem  is  one  from  which  the  natural  gas  smelters 
are  fortunately  free  to  a  large  extent. 

Crushing  Mill. — The  choice  and  arrangement  of  the  machinery  for 
crushing  blende  and  calamine,  preparatory  to  roasting  and  distillation,  do 

1  A  bln  in  ft.  wide  loaded  with  ore  to  the  he  therefore  250  linear  feet  of  bins  of  the 

height  of  4  ft  will  hold  four  tons  per  linear  above  dimensions  of  width  and  height.  A 

foot;  to  store  1000  tons  of  ore  there  must  bin  8  ft.  deep  holds  two  tons  per  linear  foot. 
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best  when  handling  fine  ore,  and  if  the  various  parts  are  properly  designed 
the  cost  of  repairs  and  renewals  should  not  be  excessive.  The  movement  of 
the  ore  through  a  trough  conveyor  can  be  effected,  however,  by  traveling 
rakes  in  the  same  manner  as  in  a  mechanical  roasting  furnace,  or  by  the 
push-plates  of  the  ordinary  scraper  conveyor.  The  drawbacks  to  making 
dryers  out  of  trough  conveyors  are  the  great  expense  for  the  large  heating 
surface  that  must  be  provided  and  the  considerable  consumption  of  pow’er  in 
their  operation.1 

The  dryers  commonly  employed  in  Kansas  arc  platforms  of  iron  plate 
supported  by  brick  walls  and  heated  from  below  by  a  direct  fire  or  by  the 
waste  heat  from  roasting  furnaces ;  the  older  works,  at  Pittsburg  and  vicin- 


Fig.  395.  Rotary  Dryer. 

IS  ft.  X  44  in. 

itv,  used  commonly  an  unlined  cylinder  of  boiler  plate,  revolved  by  suitable 
gearing,  with  a  fireplace  at  one  end  and  an  iron  chimney  at  the  other. 
These  cylindrical  dryers  were  much  cruder  than  those  which  are  used  in 
the  gold  and  silver  mills  of  the  Rocky  Mountains  (as  shown  in  Fig.  395), 
the  construction  being  less  substantial  and  the  loss  of  heat  by  radiation 
from  the  iron  cylinder,  destitute  of  brick  lining,  being  greater  ;  while  no 
arrangement  was  made  for  collecting  the  dust,  which  was  of  course  lost 
through  the  chimney.  A  new  form  of  dryer,  used  at  Iola,  is  a  circular  iron 
plate  (about  14  ft.  in  diameter)  heated  from  below,  upon  which  the  ore  is 
fed  at  the  center,  whence  it  is  worked  spirally  toward  a  peripheral  discharge 
by  a  set  of  revolving  plows. 

The  loss  of  ore  as  dust  is  likely  to  be  no  unimportant  matter  in  drying 
fine  ore  in  a  revolving  cylinder,  and  the  more  the  capacity  of  the  latter 
be  increased  by  faster  driving,  or  harder  firing  (increasing  the  velocity  of 
the  combustion  gases  through  the  cylinder)  the  greater  will  be  the  W  in 
dust.  Hence  a  cylindrical  dryer  should  be  of  large  size,  partly  for  the 

1  The  increasing  use  of  magnetic  separators,  which  must  he 

ore,  has  caused  the  question  of  dryers  to  become  rather  an  important  onefeCtly  *** 
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sake  of  exposing  a  greater  surface  of  ore  to  the  hot  gas,  thus  permitting  a 
slower  speed,  and  partly  to  reduce  the  velocity  of  the  gas  passing  through 
the  cylinder.  Both  the  Rothwell  dryer,  which  consists  of  a  cylinder  divided 
into  four  quadrants  by  longitudinal  diaphragms,  and  the  Argali  dryer,1 
which  consists  of  four  small  cylinders  united  by  surrounding  rings,  are 
logical  improvements  over  the  simple  cylindrical  dryer. 

Screens. — With  respect  to  screens  there  is  probably  nothing  more  efficient 
than  the  old  revolving  trommels;  at  least  none  of  the  shaking-riddles,  gyra¬ 
tory  screens  and  various  patented  devices  has  proved  to  be  better  as  yet. 
Revolving  screens  may  be  either  cylindrical  or  prismoidal  (usually  hex¬ 
agonal)  ;  with  sides  parallel  or  tapering;  if  the  former  the  shaft  has  to  be 
set  on  an  incline  with  special  boxes  for  the  journals;  if  the  latter  the  shaft 
may  lx;  horizontal,  the  ordinary  boxes  being  employed.  In  either  case  the 
inclination  of  tbe  lower  side  of  the  screen  should  be  about  1  in.  to  the  foot, 
sloping  toward  the  discharge.  The  ordinary  screen,  3  ft.  in  diameter,  should 
be  driven  at  about  20  r.  p.  m.  The  driving  gear  should  be  arranged  so 
that  when  necessary  to  stop  one  screen  it  can  be  thrown  out  of  gear  without 
stopping  the  whole  mill.  It  is  the  best  practice  to  arrange  the  screening 
surface  in  segments,  whatever  be  the  type  of  the  trommel,  so  that  when  a 
break  appears  it  is  necessary  to  replace  only  the  particular  segment  in  which 
it  occurs  with  another  which  has  been  previously  made  ready.  The  cover¬ 
ing  may  be  either  of  ordinary  heavy  steel  wire  cloth  or  of  steel  plate  punched 
with  slots  or  square  holes. 

Wire  cloth  screens,  having  the  larger  percentage  of  open  space,  give  a 
greater  capacity  than  steel  plate  screens  with  holes  of  the  same  diameter, 
but  the  steel  plate  is  the  more  durable,  and  on  that  account  is  generally  to 
be  preferred.  The  holes  in  the  wire  cloth  being  approximately  square  and 
those  of  the  steel  plate  being  circular  the  latter  give  the  more  uniform 
product.  Steel  plate  screens  with  square  holes  and  rectangular  slots  are 
sometimes  used,  but  those  with  circular  holes  are  the  preferable  and  also  the 
most  common.  In  steel  plate  screens  with  circular  holes  the  latter  are 
punched  in  rows  making  angles  of  90°  with  each  other,  or  else  the  holes 
are  staggered.  The  latter  form  gives  the  greater  percentage  of  open  space. 
The  limit  to  the  number  of  holes  is  reached  when  the  strength  of  the  plate 
is  too  much  reduced;  consequently  the  holes  may  be  punched  nearer  to¬ 
gether  in  a  thick  plate  than  in  a  thin  one.  If  the  holes  he  staggered  and 
one  half  diameter  apart  there  will  be  40-3%  open  space;  if  in  rectangular 

1  The  Argali  dryer  In  similar  In  design  and  originally  for  roasting  gold  ore  preparatory 
constrnction  to  the  Argali  cylindrical  roast-  to  llxlvlatlon  with  potassium  cyanide  soln 
Ing  furnace.  The  dryer  was  Indeed  used  tlon  at  Cripple  Creek  and  Florence,  Colo. 
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rows,  34-9% ;  if  the  holes  are  one  diameter  apart  the  percentages  are  22-6 
and  19*6  respectively. 

In  referring  to  wire  cloth  for  screening  purposes  the  custom  is  to  state 
the  number  of  meshes  per  linear  inch,  but  inasmuch  as  wire  of  various 
diameter  is  employed  in  making  cloth  of  a  certain  number  of  meshes  per 
linear  inch,  the  character  of  the  cloth  cannot  be  determined  unless  the 
number  of  the  wire  from  which  it  is  woven  be  specified.  1  here  used  to  be 
a  good  deal  of  confusion  with  respect  to  wire  cloth,  owing  to  the  different 
wire  gauges  employed  by  different  manufacturers.  This  difficulty  has,  how¬ 
ever,  been  happily  obviated,  the  Wire  Cloth  Manufacturers*  Association 
having  adopted  on  March  7,  1899,  the  Washburn  &  Moen,  or  Worcester, 
gauge  as  the  standard  for  all  iron  or  steel  wire  cloth  and  the  old  English 
gauge  as  the  standard  for  all  brass  or  copper  wire  cloth.  The  mesh  in  wire 
cloth  is  always  the  number  of  openings  in  a  linear  inch  measuring  from 
center  to  center  of  wire.  A  linear  inch  will  comprise,  therefore,  the  same 
number  of  apertures  and  wires.  Multiplying  the  diameter  of  a  single  wire 
in  decimals  of  an  inch  by  the  number  of  wires  in  a  linear  inch,  subtracting 
the  product  from  unity  and  dividing  the  remainder  by  the  number  of  meshes 
per  linear  inch,  will  give  the  diameter  of  each  aperture  in  decimals  of  an 
inch.  The  dimensions  of  standard,  heavy  mining  wire  cloth  are  as  follows: 


Mesh 

Wire  No. 

Diam.  of  wire 

Diam.  of  aperture 

Equivalent  in 

inches 

inches 

millimeters 

1 

3 

■2437 

•7563 

19*81 

4 

*2253 

•5247 

1333 

ft 

5 

*2070 

•4180 

10*62 

2 

8 

*1620 

•3380 

8  59 

2  h 

9 

1483 

•2517 

639 

3 

10 

*1350 

19S3 

504 

3* 

11 

•1205 

*1652 

420 

4 

12 

•1055 

*1445 

367 

4* 

13 

*0915 

•1307 

332 

5 

13 

*0915 

*1085 

2‘ 76 

ft 

14 

•0800 

*0867 

220 

7 

15 

•0720 

•0709 

180 

S 

1ft 

*0625 

•0625 

159 

9 

17 

•0540 

0571 

1-45 

10 

18 

*0475 

•0525 

1*33 

12 

19 

*0410 

*0423 
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14 

20 

•0348 

0366 

*93 

1ft 

22 
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*0339 

*86 

18 

23 

*0258 
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*76 

20 

24 
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*0270 

•69 

*64 

•60 

22 

25 

*0204 

*0251 

24 

2ft 
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30 

28 
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•24 

•20 

*18 

•16 

•15 

14 

40 

31 
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50 

34 
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70 
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1  - 

40 
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A  roll  of  wire  cloth  is  always  understood  to  he  100  linear  feet.  Any 
width  can  be  obtained  to  order.  Prices  are  quoted  per  square  foot. 

Elevators. — The  elevators  that  must  be  used  are  generally  of  the  band 
and  bucket  type.  The  bands  will  be  of  rubber  belting,  except  in  the  case 
of  the  elevator  taking  the  discharge  from  the  dryer  if  the  latter  be  so  hot 
that  a  rubber  belt  would  be  softened,  when  link  belts  or  chains  passing 
over  sprockets  must  be  used ;  it  is  seldom  to  be  anticipated,  however,  that 
the  ore  will  be  delivered  so  hot  as  to  necessitate  that  type  of  elevator. 
Belt  and  bucket  elevators  may  be  either  vertical  or  inclined.  The  vertical 
elevator  usually  adapts  itself  the  better  to  the  construction  of  the  building, 
and  permits  often  a  simpler  arrangement  of  the  machinery;  on  the  other 
hand  the  inclined  elevator  naturally  maintains  a  regular  tension  of  the  belt 
on  the  head  wheel,  from  which  the  motion  is  imparted,  while  the  vertical 
elevator  must  have  an  adjustable  boot  in  order  to  regulate  the  tension.  In 
either  case  the  boots  should  be  arranged  so  that  the  bottom  may  be  dropped 
for  the  purpose  of  cleaning  out  accumulations  of  ore  there. 

The  feed  of  ore  to  the  elevator  may  be  through  a  chute  leading  into  the 
housing  about  18  in.  above  the  center  line  of  the  boot  wheel,  the  idea  being 
that  the  ore  will  be  shot  directly  into  the  buckets,  or  the  feed  may  be  into 
the  bottom  of  the  boot,  so  that  the  buckets  will  simply  scoop  it  up  as  they 
pass  around  the  boot  wheel.  Mill  men  differ  as  to  which  is  the  better 
method,  but  with  fine,  dry  ore  there  need  be  no  fear  of  tearing  off  buckets 
in  scooping  up  ore  which  is  fed  into  the  bottom  of  the  boot.  A  good  dis¬ 
charge  at  the  head  of  the  elevator  may  be  obtained  with  either  the  vertical 
or  the  inclined  type  if  the  chute  be  properly  set.  In  installing  belt  ele¬ 
vators,  it  is  particularly  essential  to  give  them  an  ample  capacity.  The 
buckets  should  never  be  reckoned  as  running  more  than  33*4%  full.  They 
are  generally  spaced  about  18  in.  apart.  The  belt  should  be  2  in.  ■wider 
than  the  buckets.  It  is  seldom  advisable  to  make  the  head  wheel  less  than 
30  in.  in  diameter  even  with  light  belts.  The  boot  wheel  is  commonly  made 
of  smaller  diameter  than  the  head  wheel.  The  best  speed  of  belt  is  about 
300  ft.  per  minute.  Belt  elevators  are  frequently  referred  to  as  a  necessary 
evil,  but  if  they  arc  substantially  constructed,  and  especially  if  they  are 
designed  with  ample  capacity,  they  need  not  be  expected  to  cause  more 

trouble  than  any  other  piece  of  machinery. 

Bi.fnde  Boasting  Plant.— In  arranging  the  roasting  furnaces  the  chief 
essential  is  to  provide  ample  room  around  them.  If  they  be  reverberatories, 
raked  from  each  side,  the  distance  between  a  pair  of  furnaces  should  he 
at  least  10  ft  in  order  that  the  men  may  be  able  to  handle  their  tools  and 
work  comfortably.  It  is  far  better,  however,  to  set  them  20  ft.  apart,  which 
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involves  only  the  small  extra  cost  of  the  building;  assuming  that  the  build¬ 
ing  will  be  80  ft.  wide,  the  furnaces  being  set  at  right  angles  to  its  longi¬ 
tudinal  axis,  and  is  to  cost  50c.  per  square  foot  the  difference  in  first  cost 
between  20  ft.  and  1G  ft.  spaces  is  only  4X80=320  sq.  ft.,  or  $1G0  per 
furnace,  which  is  very  little  in  view  of  the  extra  convenience  which  is 
gained.  With  mechanical  roasting  furnaces  it  is  unnecessary  to  provide  so 
much  space  between  them,  but  even  with  them  it  is  best  to  have  as  much  as 
1G  ft.  If  the  furnace  be  a  single  hearth  reverberatory,  the  throat  end  may 
be  built  in  line  with  the  side  wall  of  the  building,  the  longitudinal  tie  rods 
being  tightened  up  from  the  outside  of  the  latter  if  the  siding  be  of  cor¬ 
rugated  iron,  of  which  pieces  may  be  easily  removed ;  or  the  end  of  the 
furnace  may  set  inside  of  the  building  at  a  sufficient  space  from  the  wall 
to  give  access  to  the  buckstaves,  damper,  etc.,  from  the  inside;  the  latter  is 
the  preferable  arrangement.  Between  the  fire  box  and  the  other  side  of  the 
building  there  should  be  at  least  12  ft.  and  preferably  16  ft.  in  order  to 
leave  room  for  the  convenient  handling  of  coal,  roasted  ore,  etc. 

The  small  blocks  of  shelf  burners  formerly  used  at  Pittsburg,  Kan.,  were 
almost  always  installed  in  an  independent  house,  and  the  larger  blocks  of  the 
same  type  now  used  at  Tola  are  sometimes  housed  in  similar  manner,  but 
more  commonly  they  are  grouped  in  one  large  building,  either  parallel  or  at 
right  angles  to  the  axis  thereof.  The  two-hearth  reverberatories,  used  for 
blende  roasting,  are  generally  set  end  to  end,  on  the  center  line  of  the  build¬ 
ing  ;  this  is  necessary  because  of  the  position  of  the  fireplace,  i.e.,  in  the  mid¬ 
dle  of  the  block.  In  the  case  of  muffle  furnaces  their  location  with  respect  to 
the  Glover  towers,  so  as  to  obtain  the  shortest  and  most  direct  lines  for  the 
gas  flues,  is  a  governing  consideration,  it  being  important  to  deliver  the  gas 
as  hot  as  possible,  within  reasonable  limits,  to  the  tower  in  order  to  secure 
the  most  effective  operation  of  the  latter.1 

T\  hatever  be  the  type  of  furnace  the  ore  should  be  charged  through  a  hole 
m  the  roof  from  a  hopper  above  the  furnace,  the  hopper  being  of  sufficient 
capacity  to  hold  at  least  one  charge.  If  desirable,  in  order  to  avoid  tram¬ 
ming  at  night,  to  have  ready  the  required  supply  of  ore  for  the  night  shift 
the  ore  hopper  may  be  made  double,  each  part  containing  a  charge  The  ore 
hoppers  may  be  suspended  from  the  lower  chords  of  the  roof  trusses  or  thev 
may  be  supported  from  independent  columns  capped  by  steel  I-beams  or 
channel  bars  spanning  the  furnace,  the  latter  arrangement  being  generally 

the  better  one.  Either  arrangement  is  preferable  to  having  the  ore  hoppers 
rest  upon  the  masonry  of  the  furnace.  C  noPPcrs 

lu  a  systematic  arrangement  the  roasting  furnaces  will  be 

i  Vide  pp.  48.  177,  178  and  179. 
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aligned,  so  as  to  permit  the  installation  in  the  simplest  manner  of  mechan¬ 
ical  devices  for  conveying  ore,  coal,  etc.  In  this  connection  it  must  be 
remembered,  however,  that  nearly  every  mechanical  conveyor  requires  at¬ 
tention  and  if  the  work  to  be  done  is  within  the  capacity  of  one  man  per  day 
it  is  seldom  economical  to  install  a  long  and  expensive  conveyor.  In  most 
cases  the  cheapest  method  of  transporting  the  ore  to  the  roasting  furnaces 
will  be  found  a  simple  elevated  tramway,  extending  through  the  roasting 
house,  passing  over  the  ore  hoppers  above  the  furnaces,  into  which  the  ore 
will  be  discharged  from  the  bottom-dump  cars  that  will  be  employed.  If 
the  furnaces  be  direct  fired  the  coal  may  be  brought  to  the  furnaces  on  a 
similar  tramway  and  discharged  into  hoppers  over  the  fire  boxes,  from 
which  it  may  be  dropped  into  the  latter  through  a  hole  in  the  roof.  Unless 
the  coal  be  of  very  inferior  quality,  however,  the  quantity  of  it  that  is  re¬ 
quired  is  relatively  small,  and  it  is  not  likely  that  it  will  be  advisable  to  go 
to  the  expense  of  that  installation.  When  the  fire  box  is  at  the  end  of  the 
furnace  the  simplest  method  of  delivering  coal  is  to  bring  in  a  spur  track 
of  the  railway  behind  the  fire  boxes  of  the  row  and  unload  the  coal  from 
the  cars  in  which  received  directly  into  a  bin  back  of  the  furnace  from 
which  it  will  be  drawn  as  required;  the  bin  behind  each  furnace  should  have 
capacity  to  hold  at  least  a  carload  of  coal. 

The  building  covering  the  roasting  furnaces  will  have  naturally  a  pitched 
roof.  This  may  be  arranged  with  its  ridge  at  right  angles  to  the  individual 
furnaces,  in  which  case  the  roof  trusses  will  necessarily  have  a  compara¬ 
tively  wide  span,  and  will  be  correspondingly  expensive,  with  the  advantage, 
however,  that  there  will  be  no  posts  in  the  house;  or  the  roof  may  be 
designed  with  a  series  of  valleys  and  ridges,  making  a  kind  of  M-roof  in 
which  the  ridge  plates  will  be  parallel  with  the  long  axis  of  the  furnaces. 
In  the  latter  case  there  will  be  necessarily  some  posts  in  the  building;  such 
posts  if  properly  placed  close  to  the  furnaces  and  midway  between  the  work¬ 
ing  doors  need  not  interfere,  however,  with  the  use  of  the  long  tools,  and 
by  trussing  the  wall  plates  the  number  of  posts  can  be  reduced.  Whatever 
way  the  roof  be  designed,  the  ridges  should  be  capped  by  large  monitors  with 
louvers  to  insure  good  ventilation.  For  the  same  reason  the  roof  should  not 
be  of  less  than  1 :  3  pitch.  It  is  generally  advisable  to  make  the  building 
of  such  height  that  there  will  be  at  least  7  ft.  above  the  tramway  over  the 
furnaces  up  to  the  tie  beams  of  the  roof  trusses,  but  if  because  of  the  char¬ 
acter  of  the  furnaces  this  would  give  an  excessive  height  to  the  building, 
the  roof  trusses  can  be  designed  so  that  the  tramway  will  come  through  one 
of  their  panels,  over  the  tie  beams.  The  building  should  have  doors  of 
ample  dimensions,  say  7X7  ft.,  conveniently  placed  and  a  sufficient  number 
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of  windows  in  the  sides  to  give  good  light.  It  is  useless  to  glaze  the  win¬ 
dows  of  a  furnace  building;  they  should  be  closed  with  shutters,  either 
hinged  or  pivoted. 

Mixing  Ore  and  It  eduction  Material. — The  ore  discharged  hot  from 
the  roasting  furnaces  must  be  permitted  to  cool  before  anything  further 
can  be  done  with  it.  The  simplest  method  is  to  wheel  it  from  the  furnaces 
to  a  brick  cooling  floor,  which  must  of  course  be  roofed  over.  \\  hen  cold 
it  is  weighed  out  and  mixed  with  a  proportion  of  crushed  calamine,  or  any 
other  kind  of  ore  that  is  to  he  used  in  the  charge,  and  with  the  percentage 
of  reduction  material  specified  by  the  metallurgist.  The  reduction  ma¬ 
terial,  which  will  probably  be  a  mixture  of  lean  coal  and  coke,  will  be  pre¬ 
pared  most  conveniently  in  a  mill  adjoining  the  mixing  house.  The  neces- 
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sity  for  permitting  the  hot  ore  to  cool  before  mixing  it  with  the  reduction 
material  involves  of  course  a  rehandling  of  the  entire  quantity,  the  expense 
of  which  is  reduced  to  the  minimum  if  the  ore  be  accumulated  in  elevated 
storage  pockets,  whence  it  can  lie  drawn  by  gravity. 

The  ore  and  reduction  material  weighed  out  in  the  proper  proportions 
may  be  incorporated  either  by  hand  or  by  machinery.  If  hy  hand  the  work 
is  done  generally  on  the  floor  in  front  of  each  distillation  furnace  where  the 
components  of  the  charge  are  dumped  separately.  It  is  more  systematic  to 
do  this  work  mechanically,  however,  and  a  better  mixture  is  effected  thereby 

7hich,  “  ;lrairab,°-.  'rl'f  <W"*-  employed  for  that  purpose  hag  boro 
.  ..gonlK,  m  a  precious  chapter.  The  prepared  charge  is  m„st  eoneeniently 

,1<,I“s,lcd  ,n  11  ™r’  °f  wh,oh  ,hcre  W  one  or  more  for  each  furnace 
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The  floors  of  the  distillation  furnace  houses  can  then  he  kept  clear,  the 
charge  being  conveyed  thither  only  when  it  is  wanted,  i.c.,  the  first  thing 
in  the  morning. 

Distillation  Department. — The  various  ways  in  which  the  distillation 
furnaces  may  be  arranged  as  to  level  have  been  referred  to  in  a  previous 
chapter.  he  location  of  a  number  of  furnaces  with  respect  to  each  other 
will  depend  obviously  a  great  deal  upon  the  type  of  furnace  that  is  to  be 
employed,  and  it  is  difficult  to  prescribe  general  rules.  It  may  be  said, 


Fig.  397.  Arrangement  of  Distillation  Furnaces  at  Pulaski,  Va. 

Elevation. 


however,  that  as  a  general  thing  there  ought  to  be  a  space  of  at  least  18  ft. 
in  front  of  each  furnace.  With  direct-fired  furnaces  in  which  the  fire  doors 
are  placed  in  the  end  walls  there  should  be  a  space  of  about  14  ft.  between 
the  latter  and  the  corresponding  side  wall  of  the  building,  in  order  to  afford 
room  for  convenient  stoking  and  the  necessary  supply  of  coal.  A  direct- 
fired  Belgian  furnace  with  224  retorts  (112  per  side)  will  require  therefore 
a  house  about  50  ft.  square.  A  series  of  furnaces  may  be  set  end  to  end 
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iu  one  long  house,  which  is  the  common  practice  in  Belgium,  but  with  that 
arrangement  (which  is,  of  course,  the  most  economical  of  room)  the  delivery 


of  the  large  quantity  of  coal  that  is  required  cannot  be  made  so  conveniently 


as  when  the  furnaces  are  set  with  their  fronts  parallel.  In  making  the 
latter  arrangement  it  is  inadvisable  to  attempt  to  cover  more  than  one 
furnace  with  the  same  roof,  since  two  opposite  furnaces  must  be  set  at  such 
great  distance  apart,  in  order  to  avoid  subjecting  the  men  to  an  unbearable 
beat,  that  a  building  of  extravagant  dimensions  is  required.  There  is  no 
doubt  that  the  best  arrangement  for  a  series  of  direct-fired  Belgian  furnaces 
is  with  their  facades  parallel,  their  end  walls  aligned  and  each  contained  in 
its  own  house,  which  need  be  only  a  comparatively  inexpensive  shed,  follow¬ 
ing  the  general  practice  in  Kansas.  This  arrangement  makes  it  easy  to  loop 
an  elevated  cable  tramway  around. the  entire  row  of  furnaces  and  dump  the 
coal  required  by  each  furnace  directly  in  front  of  the  fire  doors  at  each  end. 
Pile  houses  need  not  be  set  more  than  25  ft.  apart,  but  40  ft.  is  preferable, 
inasmuch  as  it  diminishes  the  danger  of  the  destruction  of  the  entire  depart¬ 
ment  bv  tire  in  case  a  single  house  burns.  In  the  case  of  gas  fired  furnaces 
in  connection  with  which  the  producers  are  placed  outside  of  the  building, 
the  furnaces  are  most  conveniently  set  end  to  end  in  one  or  more  long 
houses,  the  gas  producers  being  capable  of  various  arrangements  which  will 
permit  the  easy  delivery  of  coal  to  them. 

Pottery. — The  pottery  should  be  placed  conveniently  to  the  tempering 
furnaces,  which  in  their  turn  must  be  placed  conveniently  to  the  distillation 
furnaces.  Because  of  the  considerable  amount  of  power  and  steam  that  is 
required  in  it,  however,  it  should  also  be  placed  near  the  steam  and  power 
plant,  but  in  locating  the  pottery  above  all  things  attention  must  be  given 
to  safeguarding  it  from  fire,  the  pottery  being  the  key  to  the  entire  plant, 
of  which  the  operation  would  necessarily  be  suspended  for  many  months  in 
the  event  of  its  destruction. 

Steam  and  Power  Plant.— Tn  a  small  smeltery  wherein  the  consump¬ 
tion  of  steam  and  power  will  not  he  very  large  the  plant  for  their  develop¬ 
ment  must  be  placed  near  the  points  where  they  are  to  be  used  i  e  the 
crushing  mill,  mixing  mill  and  pottery;  or  at  least  those  departments  should 
he  situated  so  that  they  can  be  reached  by  a  simple  rone  tr.,™^;™ 


the  form  of  steam  if  the  pipes  he  properly  protected  against  loss  of  heat  bv 
radiation,  and  whore  it  is  necessary  to  employ  independent  engines  as  for 
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plants,  wherein  a  large  amount  of  power  may  be  required,  it  is  of  course  a 
simple  matter  to  establish  a  central  station  with  high  class  boilers  and 
engines  and  directly  connected  generators  to  convert  the  mechanical  power 
into  electrical  power,  which  may  be  transmitted  elastically.  The  amount  of 
power  required  in  small  zinc  smelting  plants  is  too  insignificant  to  make 
advisable  the  employment  of  compound  engines,  but  even  in  the  case  of 
small  engines,  there  is  a  good  deal  of  choice,  and  the  kind  should  be  selected 
which  will  develop  a  brake-horse  power  upon  the  smallest  number  of  pounds 
ol  steam.  High  class  boilers  are  generally  advisable,  but  they  are  not  intrin¬ 
sically  more  economical  of  coal  than  an  ordinary  tubular  boiler. 

Kailway  Spurs  and  Tramways. — In  the  erection  of  a  new  plant  no 
permanent  building  ought  to  be  commenced  until  the  arrangement  of  the 
whole  plant  has  been  definitely  decided  upon  and  laid  out  on  paper.  That 
having  been  done,  it  will  be  possible  to  arrange  the  railway  spurs  and  works 
tramway  system  in  the  manner  which  will  be  most  economical.  It  should 
be  aimed  to  bring  in  the  ore  and  coal,  which  represent  the  greatest  bulk  of 
material  that  will  come  by  railway,  in  such  a  manner  that  the  cars  can  be 
unloaded  directly  into  the  bins  from  which  the  material  is  to  be  used.  The 
simpler  the  arrangement  of  the  works  in  that  respect,  the  less  will  be  the 
cost  of  a  mechanical  plant  for  the  conveying  of  the  material  about  the 
works.  For  the  latter  purpose  there  is  no  system  which  is  so  cheap  in  first 
cost  and  also  in  operation,  when  large  quantities  of  material  have  to  be 
handled,  as  the  cable  railway.  In  addition  to  cable  railways,  etc.,  the  works 
will  require  a  more  or  less  elaborate  system  of  tramways  for  the  handling 
of  comparatively  small  quantities  of  material  in  various  directions.  Above 
all  tilings,  all  the  tramways  of  a  works  should  have  a  uniform  gauge.  The 
latter  may  be  conveniently  made  20  in.,  measuring  between  the  heads  of  the 
rails.  With  that  gauge  curves  should  be  given  a  radius  of  12  ft.  to  insure 
easy  running  of  the  cars.  The  loads  which  the  latter  are  likely  to  carry 
will  seldom  necessitate  the  use  of  rails  heavier  than  12  lb.  to  the  yard. 

Buildings. — Furnace  buildings  are  most  cheaply  erected  with  timber 
frames  sheathed  with  1  in.  boards,  the  roof  boards  being  covered  with 
some  good  kind  of  ready  roofing.  With  lumber  at  $20  per  M  the  cost  of 
rough  siding  per  square  is  about  $2*50,  which  is  only  increased  a  little  if 
battens  be  put  on  in  addition.  The  roof  boards  and  putting  on  will  come 
to  about  the  same  figure  per  square,  and  the  prepared  covering  will  cost 
about  $2(5  $2*50  per  square  additional.  I  f  corrugated  iron  be  used  it  should 
be  of  Xo.  22  or  No.  24  gauge,  not  lighter  than  the  latter.  The  former  weighs 
1-38  lb.  per  sq.  ft.,  and  when  laid  with  ordinary  laps  the  weight  will  he 
lfiO  lb.  per  square.  Its  cost  in  place  on  the  roof  will  generally  be  $6(5'$7 
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per  square.  There  may  he  a  slight  saving  in  the  purlins,  hut  so  slight  as  to 
he  insignificant. 

It  is  useless  to  employ  galvanized  iron,  because  the  sulphurous  fumes  will 
quickly  destroy  the  zinc  coating  of  the  latter.  Ordinary  corrugated  iron 
should  he  well  painted,  if  used,  since  its  life  depends  chiefly  upon  the  thor¬ 
oughness  with  which  it  is  coated.  Silica  graphite  paint  is  excellent  for  that 
purpose;  it  costs  about  20c.  per  100  sq.  ft.  more  than  iron  oxide  paint. 
It  is  frequently  stated  that  where  sulphurous  gases  are  very  abundant,  and 
especially  in  moist  climates,  sheet  iron  should  not  he  used  at  all,  hut  there 


are  many  furnace  buildings  in  which  it  has  been  and  is  used  with  satisfac- 
toi\  results  when  properly  cared  for.  Buildings  of  corrugated  iron  on  a 
framework  of  structural  steel  may  be  employed,  but  they  are  usually  more 
expensive  than  the  timber  frame.  In  framing  a  building  with  timber  it  is 
advisable  to  avoid  mortises  and  tenons  in  favor  of  simple  butt  joints,  secur¬ 
ing  the  beams,  posts,  etc.,  by  bolts  and  nuts,  lag  screws,  drift  bolts,  spikes, 
treenails,  dowels,  etc.  Such  joints  are  not  only  cheaper  than  those  pre¬ 
scribed  in  fine  carpentry  but  also  are  stronger. 

Hood  foundations  are  essential  to  all  buildings,  furnaces  and  machinery; 
mt  much  money  is  often  squandered  in  making  them  unnecessarily  solid, 
it  is  unnecessary  to  go  deeper  than  to  undisturbed  gravel  or  sand,  which 
point  is  as  often  reached  3  ft.  from  the  surface  as  more;  in  all  parts  of  the 
i  nited  States  where  zinc  smelting  is  practiced  a  depth  of  3  ft.  below  the 
surface  is  beneath  the  frost  line.  A  cheap,  expeditious  and  satisfactory 
method  of  setting  the  foundations  for  a  furnace  building  is  simply  to  dig 
holes  and  set  a  good  sound  log  directly  under  where  each  post  of  the  build¬ 
ing  will  come,  filling  around  the  logs  with  rammed  stone  and  then  sawing 
oil  their  upper  ends  perfectly  true  for  the  sills  of  the  building  to  rest  upon 
them.  For  furnaces  and  machinery  a  large  block  of  concrete,  made  of  one 
part  cement  and  two  to  three  parts  of  clean,  sharp  sand,  thoroughly  mixed 
while  dry  and  after  being  made  into  a  stiff  paste  added  to  six  times  its 
bulk  of  broken  stone,  makes  an  excellent  foundation.  Good  uniform  sand  is 
an  excellent  support  even  for  very  heavy  loads,  such  as  tall  chimnevs 
viding  that  the  weight  be  distributed  so  that  there  will  be  not  more  tha°" 
two  tons  per  square  foot.  Good,  firm  gravel  will  safely  stand  a  load  of  f  ^ 
tons  per  square  foot.  our 

The  floor  of  the  distillation  furnace  house  should  in  all  eas  L 

It  is  also  desirable  to  pave  the  floors  of  the  roasting  furnace  houce.  &  Pave<^ 

1  nited  States  brick  is  commonly  employed  for  such  USe8‘  the 

should  be  taken  to  put  down  a  good  foundation  for  it,  reto  t  ^are 

a  suitable  material ;  otherwise  it  is  likelv  to  become  nn,,,-  *  n  ,  ues 

uneven  and  loose,  and 
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will  be  an  eyesore  and  an  inconvenience,  in  a  very  short  time.  If  the  work¬ 
ing  lloor  be  an  upper  story  of  the  furnace  house,  and  is  of  timber  construc¬ 
tion,  a  brick  pavemrnt  should  be  laid  on  the  plank. 

In  Europe,  the  furnace  buildings  are  commonly  constructed  with  view  to 
greater  permanency  than  in  the  United  States;  also  timber  is  not  so  cheap 
there.  Brick  walls,  pierced  by  the  necessary  openings  for  access,  light  and 
ventilation  are  the  common  practice.  In  the  more  modern  buildings  the 
roofs  are  supported  by  steel  trusses.  The  working  floors  are  paved  and 
supported  on  brick  arches  if  there  be  a  lower  floor,  which  is  becoming  a 
common  arrangement. 


Figs.  398  and  399.  System  of  Furnace  House  Ventilation 

at  Overpelt,  Belgium. 

Fig.  39S :  Eud  elevation.  Fig.  399 :  Side  elevation  of  fan  and  chimney. 


Sanitary  Arrangements. — The  labor  on  the  distillation  furnaces  is  so 
severe  that  whatever  arrangements  conducive  to  the  health  and  comfort  of 
the  men  can  be  made  will  tend  toward  improvement  in  their  work.  It  is 
essential  to  provide  the  men  with  a  supply  of  good  drinking  water,  which 
they  want  ice  cold.  In  the  hot  weather  of  summer  ice  forms  a  considerable 
item  in  the  miscellaneous  supplies  entered  in  the  cost  of  smelting.  Good 
ventilation  of  the  furnace  houses  is  the  chief  thing  to  look  out  for.  An 
opening  in  the  roof,  directly  over  each  furnace  and  for  at  least  the  length 
thereof,  is  advisable.  The  ventilation  of  the  furnace  house  is  promoted 
also  by  giving  the  roof  a  sharp  pitch.  Nothing  less  than  1  : 3  should  be 
permitted  and  1 :  2,  i.e.  45°,  is  preferable.  In  Belgium  the  furnace  houses 
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usually  have  roofs  of  about  40°  pitch  (vide  Chapter  XVII).  A  new 
arrangement,  installed  in  the  works  at  Budel,  Holland,  and  at  Overpelt, 
Belgium,  has  been  described  by  F.  Kiessling.1  The  system  at  Overpelt  is 
shown  in  Figs.  398  to  400.  The  furnaces  are  of  the  Siemens  type,  installed 
two  in  a  house,  with  working  floors  2-5  m.  above  ground  level,'  as  described 
m  Chapter  XVII.  The  residues  drop  through  the  chutes  xx  into  the  spa¬ 
cious  cellar.  Formerly  these  chutes  were  closed  by  gates  so  that  during 
ic  maneuver  there  would  be  no  up-draught  through  them,  but  in  spite  of 
that  the  development  of  smoke  and  dust  was  so  great  as  to  give  trouble, 
ic  c  ose  chutes  gave  trouble,  moreover,  because  the'  residues  of  easily 


fusible  charges  would  stick  in  them  on  coolin^  «n  +w  +1 
removed  with  difficulty.  In  the  present  m  ™  /  th<?y  could  onl~v  bc 

open  and  the  residues  fall  directly  into  the  cellar^F  t  le  chutes  aro  left 
is  enclosed  by  the  exterior  walls  and  the  iron  don  ^  ^  .  wllar’  whicb 

hv  tlie  fan  v  and  discharged  through  the  tube  ^  10  a,r  ii?  exhausted 

which  is  2-5  m.  in  diameter  at  top  and  bottom  on  °i  -1°  ir°n  chimne.v  m> 
shown  in  the  engravings.  The  fan  is  1-8  and  °f  the  shape 

5‘*0  to  (100  r.  p.  m.,  exhausts  50  cu.  m.  of  air  >  m  * iam<dor'  an,l  driven  at 
lation  of  this  system  the  furnace  house  ha  I  ^  '  !*0eond‘  ^ince  the  instal- 
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and  the  draught  removes  the  hot  air  from  the  fronts  of  the  furnace,  making 
it  more  comfortable  for  the  men,  and  thereby  shortening  the  time  required 
for  the  maneuver  and  increasing  the  time  for  distillation,  which  is  impor¬ 
tant. 

Fumes  of  zinc  oxide  appear  to  be  quite  harmless  to  human  beings,  but 
when  the  ore  subjected  to  distillation  contains  lead  there  is  danger  of  poison¬ 
ing  by  the  fumes  of  that  metal.  In  Europe  the  arrangement  of  a  zinc 
smeltery  with  respect  to  sanitary  conditions  is  prescribed  by  law.  In  this 
connection  the  new  German  law  of  February  G,  1900,  is  of  special  interest, 
as  showing  the  precautions  which  the  experience  in  that  country  has  pointed 
out.  Some  portions  of  it  are  summarized  in  the  following  paragraphs. 

The  buildings  in  which  roasting  and  distillation  furnaces  are  installed 
should  be  spacious  and  well  ventilated.  Floors  should  be  level  and  smooth, 
permitting  the  easy  removal  of  dust,  preferably  after  dampening  it.  The 
walls  should  be  of  a  character  that  will  prevent  the  accumulation  of  dust, 
and  if  of  such  kind  that  they  cannot  be  washed  they  should  be  whitewashed 
with  lime  at  least  once  a  year.  Accumulations  of  dust  on  the  tops  of  fur¬ 
naces  should  be  removed  at  frequent  intervals.  An  abundant  supply  of 
water  should  be  provided  in  each  house,  and  the  floor  should  be  wet  down  at 
least  once  a  day.  The  workmen  should  be  provided  with  good  drinking 
water  without  having  to  go  out  into  the  open  air  to  obtain  it.  Proper  means 
should  be  provided  to  prevent  the  escape  of  dust  from  ore  crushing  ma- 
chinerv.  The  ore  must  be  moistened  before  charging  into  the  retorts,  except 
in  the  case  of  Silesian  muffles,  when  it  need  be  moistened  only  if  it  is  of 
such  character  that  its  dust  is  particularly  dangerous  to  health. 

The  gases  escaping  from  distillation  furnaces  should  he  conducted  to  the 
exterior  of  the  building  by  a  strong  draught  as  soon  as  possible  after  their 
issuance  from  the  condensers.  Residues  from  the  retorts  may  not  be  drawn 
out  into  the  furnace  house,  but  must  be  dropped  into  suitable  pockets  below 
the  floor.  If  blue  powder  is  sifted  it  must  be  done  in  such  a  way  as  to 
prevent  the  escape  of  dust. 

Suitable  lavatories  and  places  for  eating,  kept  free  from  dust  and  dirt, 
must  be  provided  outside  of  the  workrooms;  workmen  are  not  permitted  to 
eat  their  luncheons  in  the  latter. 

There  must  be  at  least  a  space  of  6  m.  (20  ft.)  between  the  front  of  a 
distillation  furnace  and  the  opposite  wall  of  the  building.  When  two  fur¬ 
naces  are  set  with  opposite  faces  (long  axes  parallel)  the  distance  between 
them  must  be  at  least  10  m.  (33  ft.).  Galleries  below  the  floors  of  dis¬ 
tillation  furnace  houses  must  be  at  least  3*5  m.  high,  and  must  be  light  and 
well  ventilated. 


XVII. 


EXAMPLES  FROM  PRACTICE. 

In  the  chapters  which  have  preceded  this,  it  has  been  aimed  to  present  the 
results  of  experience  in  the  metallurgy  of  zinc  according  to  the  separate 
steps  in  the  smelting  process.  In  addition  thereto,  it  is  useful  to  segregate 
descriptions  of  the  practice  at  various  works.  Consequently  there  has  been 
collected  in  this  chapter  some  notes  of  the  results  in  distillation  and  acces¬ 
sory  processes,  which  have  been  obtained  at  smelteries  in  Europe  and  the 
l  nited  States,  it  being  designed  so  far  as  possible  to  avoid  duplication  of 
what  has  been  written  in  the  previous  chapters. 

Austria. 

Cilli.  At  the  zinc  smeltery  at  Cilli,  Austria,  a  Siemens  furnace  with 
13(i  muffles  is  employed.  The  muffles,  which  are  0-20  m.  wide  and  042  in. 
igh,  art1  made  of  one  third  raw  clay  and  two  thirds  chamotte.  The  charge 
pei  muffle  amounts  to  35  kg.  As  reduction  material  a  mixture  of  cinder 
and  brown  coal  is  employed;  as  fuel  a  mixture  of  stone  coal  and  lignite. 
Each  furnace  has  two  gas  producers.  One  charge  is  distilled  per  24  hours. 
The  retort  residues  assay  4  to  5%  Zn.1 


Belgium. 

The  following  descriptions  of  the  zinc  smelteries  of  Belgium  are  taken 
except  where  other  authorities  are  cited,  from  a  paper  by  Ad.  Firket  in¬ 
spector  general  of  mines,  in  the  Annales  des  Mines  de  Belgique,  1901  VI 
i  and  ii.  IIis  investigation  and  report,  which  referred  especially  to  the 
sanitary  condition  of  the  works,  embodied  much  valuable  data  as  to  th  * 
design  and  arrangement  of  the  various  plants,  which  have  been  abstracts! 

The  conditions  described  are  what  they  were  at  the  end  of  iftoa 
I  he  following  statement  of  the  production  of  the  various  works  in  i«qo' 
in  metric  tons,  shows  their  relative  importance:  c  * 

1  Berg-U.  nuttenra.  Ztg.,  LXXXIY,  31. 
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Name  of  Company  t 

Name  of  Works 

Place 

Production 

Soc.  Anon,  de  la  Yieille  Montagne . 

Yalentin-Cocq 

Hollogne-aux-Pierres 

24,397 

Angleur 

Angleur 

16,270 

i  4  U  l<  ««  «•  «• 

Hone 

Hermalle-sous-Huy 

9,110 

Soc.  Anon,  des  ctablissements  Dumont  et  frfcres 
Soc  Anon,  de  la  Nouvelle  Montague . 

Sart-de-Seiiles 

Engis 

Corpnalie 

Seilles 

Engis 

12.146 

10,591 

10,179 

Soc.  Anon.  Austro- Beige . 

Antheit 

Soc  Anon.  m»?tallurgique  de  Pravon . 

Prayon 

Boom 

Fortt 

8,736 

Soc  Anon  metallurgiquc  de  Boom . 

Boom 

7,450 

L  (jp  J,aminm»T  . 

La  Croix-Rouge 

Antheit 

7,013 

Corops^nic  d*Escombrera-Bleyberg . 

Bleyberg 

Montzen 

5,406 

Soc  A. non  des  m<?taux  d’Overpelt . 

Overpelt 

Overpelt 

4,760 

Soc.  Anon,  dea  fonderieb  de  Biache  St.  Yaas-t .  . 

Ougr^e 

Ougree 

3,613 

Angleur. — The  double  furnaces  of  the  Societe  Anonyme  de  la  A  ieille 
Montague  at  Angleur,  contain  200  retorts,  100  on  each  side.  Two  fur¬ 
naces  are  built  in  a  block,  which  thus  has  400  retorts.  rl  hey  are  fired  with 
gas  and  the  air  of  secondary  combustion  is  preheated.  Ihe  retorts  receive 
an  average  charge  of  30  kg.  of  ore  mixed  with  12  kg.  of  reduction  coal, 
and  produce  in  24  hours  from  12  to  15  kg.  of  zinc,  besides  a  certain  quantity 
of  blue  powder.  In  the  production  of  1  kg.  of  zinc  from  3-5  to  4-5  kg.  of 
reduction  and  heating  coal  are  consumed.  The  loss  of  zinc  amounts  to 
15%.  The  retorts  last  according  to  their  quality  and  their  position  in  the 
furnace  from  15  days  to  four  months.  A  furnace  holds  out  for  two  to 
three  years.1 

The  furnaces  employed  at  Angleur  have  been  described  in  Chapter  X. 
The  latest  constructions  have  only  320  retorts  per  massive,  arranged  m  four 
rows.  At  the  end  of  1898  the  works  comprised  17  massives  and  another  one 
was  being  built.  The  retorts  are  elliptical,  0-16X0*23  m.,  and  1-4  m.  in 
length.  The  condensers  arc  formed  with  a  bulge  for  the  zinc  to  collect  in. 
Conical  prolongs  are  employed.  Six  massives  are  grouped  in  a  house,  the 
three  houses  being  arranged  on  three  parallel  lines.  Each  house  is  about 
100  m.  long.  The  distance  between  massives  is  2  to  2-8  m.  One  house  is 
15-4  m.  wide;  another,  14-75  m.;  and  the  newest,  17-6  m.  The  height  of 
the  walls  is  about  6  m.  The  roofs  pitch  40°,  30  and  39  respective  \ • 
The  floors  of  the  subterranean  galleries  for  removal  of  the  residues  are 
about  2-75  m.  below  the  working  floor.  The  ores  smelted  at  Angleur  are 

low  in  lead  and  the  residues  are  not  further  worked. 

A  nth  n't. — The  Tsine  de  la  Croix-Eouge  (L.  de  Laminne)  has  34  direct 
fired  Tlor  furnaces  with  step  grates,  each  comprising  five  rows  of  10  re  or  . , 
or  a  total  of  1700  retorts.  Thirty-two  of  the  furnaces  are  grouped  in 
fours,  forming  eight  massives;  the  ninth  massive  comprises  only  two  fur- 
naces.  Those  arc  installed  in  two  houses,  a  largo  and  a  small.  1  e  ormer 

l  Bulletin  de  la  Social-  de  1’Tndustrie  Mini-rale,  1888,  p. 505 
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contains  seven  of  the  large  niassives.  It  is  17  ni.  in  width  inside,  and  100 
in.  in  length ;  it  is  divided  into  two  unequal  sections  by  a  transverse  wall. 
The  height  is  11  m.  at  the  middle  and  3-05  m.  at  the  sides.  The  roof,  which 
is  supported  by  wooden  trusses,  has  a  pitch  of  39°;  throughout  its  entire 
length  there  is  an  opening,  2-2  m.  in  width,  over  the  furnaces.  The 
faqades  of  the  latter  are  on  the  average  abbut  6  m.  from  the  walls  of  the 
building,  and  about  0  m.  intervenes  between  the  ends  of  the  adjacent  nias¬ 
sives.  The  small  house  is  of  about  the  same  design  as  the  large  one,  but  it 
is  only  27  m.  long.  Both  houses  are  built  on  the  bank  of  the  River  Meuse, 
the  working  Moor  being  2-6  m.  above  the  ground  level  on  the  lower  side. 


Originally  the  ashes  were  removed  through  sub-galleries,  1*5  m.  wide  and 
2  m.  high,  which  extended  transversely  under  each  massive,  but  the  more 
part  of  the  plant  has  been  reconstructed  so  that  there  is  a  clear  room,  2-3 
m.  in  height,  beneath  the  working  floor,  the  latter  being  supported  by  iron 
columns  and  brick  arches.  The  retort  residues  are  now  dropped  into 
hoppers,  whence  they  can  be  drawn  by  gravity  into  cars.  The  ores  distilled 
at  Antheit  are  high  in  lead.  The  residues  assay  9  to  12%  Pb  and  about 
1(b)  g.  Ag  per  1000  kg.  They  are  concentrated  to  a  product  assaying  about 
31*9%  Pb  and  410  g.  Ag  per  1000  kg.  At  Ampsin  there  is  a  blende  roast- 
ing  plant  with  eight  three-heartli  reverberatory  furnaces,  with  three  work¬ 
ing  doors  per  hearth. 

Boom. — The  plant  of  the  Societe  Anonvme  Metallurgique  de  Boom  com¬ 
prises  nine  niassives  of  240  retorts,  each  massive  consisting  of  four  furnaces 
of  0X10  retorts.  The  furnaces  are  direct  fired,  Liege  type,  with  step  grates. 
There  are  four  houses.  One  contains  three  niassives,  separated  by  spaces 
of  4-25  m.  The  others  have  each  two  massives,  separated  by  a  space  of  5-5 
m.  The  houses  are  15-15  m.  wide  inside,  leaving  a  clear  room  of  5-45  m. 
in  front  of  the  furnaces,  on  each  side.  From  the  working  floor  to  the  roof 
the  height  is  4-3  m.  at  the  sides  and  10-0  m.  in  the  middle,  the  pitch  of 
the  roof  being  about  35-5°  The  ash  galleries  are  on  the  ground  level,  the 
working  floor  being  3-45  m.  above  the  latter.  The  working  floor  is 
extended  by  platforms  2-5  m.  wide,  on  each  side  of  the  house  for 
the  convenient  handling  of  ore,  spelter,  etc.  The  working  floor  is’  laid 
on  arches,  which  afford  a  height  of  3-25  m.  to  the  lower  storv  The 
furnaces  (massives)  are  8-58  m.  long  and  4-25  m.  wide.  The  residues  drop 
into  pockets  through  slots.  0-4  m.  wide,  in  the  floor  along  the  fronts  of  the 
furnaces.  In  the  roof,  above  each  massive,  there  is  an  openin-  5-5  m 
long  and  3  m.  wide,  boxed  up  to  the  height  of  3-5  m.,  for  the  purpose  of 

ventilation.  The  retort  residues,  which  contain  about  q c/  ™  1 

,  .  .  j  •  •  •  i  o ~  dD0Ut  JA>  l  b,  are  concen¬ 

trated  by  screening  and  jigging  to  30  or  35%  p|} 
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Corphalie. — The  single  furnaces  employed  at  this  plant,  which  have  been 
described  in  a  previous  chapter,  are  grouped  in  pairs,  end  to  end;  each 
furnace  having  7X10  retorts,  the  massive  comprises  140.  The  massives, 
21  in  number,  are  arranged,  about  2  m.  apart,  in  a  straight  line,  the  houses 
having  a  total  length  of  276  m.  The  latter  are  15  m.  in  width  inside,  and 
10-5  and  3-5  m.  in  height  at  the  middle  and  sides  respectively,  the  roof 


having  a  pitch  of  43-5°.  In  the  sides  of  the  houses  there  are  numerous 
openings  and  in  the  roof  one  of  2‘2  m.  width  for  the  whole  length  of  the 
latter.  The  line  upon  which  the  faces  of  the  furnace  front  coincides  with 
the  middle  line  of  the  building,  leaving  a  clear  space  of  7‘5  m.  before  the 
furnaces  and  4-8  m.  behind.  The  working  floor,  which  is  4*55  m.  above  the 


ground  level,  is  a  pavement  laid  on  brick  arches  filled  in  between  steel 
beams,  leaving  a  clear  height  of  4*3  m.  to  the  lower  story.  In  the  walls  of 
the  latter  there  are  openings  2  m.  in  width  and  3*3  m.  in  height,  affoiding 
good  light  and  ventilation.  The  residues  from  the  retorts  drop  through  an 
opening  0-3  m.  wide,  in  front  of  each  furnace,  into  commodious  pockets, 

whence  they  are  removed,  after  cooling,  in  cars. 

The  ores  treated  at  Corphalie  arc  high  in  iron  and  lead.  The  retort 
residues  contain  on  the  average  about  8-5%  Pb  and  14  to  15%  Fe,  the  latter 
partly  in  the  state  of  metallic  iron  and  magnetic  oxide.  They  are  first 
screened,  the  undersize  passing  to  a  magnetic  separator  for  removal  of  the 
iron  and  the  oversize  to  a  crusher.  The  product  of  the  latter,  together  with 
the  tailings  from  the  magnetic  separator,  is  jigged,  and  yields  a  concentrate 
with  40  to  45%  Pb.  The  blue  powder  collected  from  the  prolongs  is  re- 
melted  in  a  Montefiore  furnace,  comprising  12  boots.  Blende  is  roasted  at 
Corphalie  in  a  plant  of  12  double  hearth  reverberatory  furnaces,  with  three 
doors  per  hearth,  which  are  combined  back  to  back  in  six  massives. 

E,ujis.— At  the  end  of  1898  these  works  comprised  13  furnaces  of  the 
Xouvelle  Montagnc  type,1  containing  ah  aggregate  of  1274  retorts,  12  of 
those  furnaces  being  united  end  to  end  so  as  to  form  six  massives  and  the 
remaining  one  being  single;  two  massives  of  Dor  direct  fired  furnaces,  con¬ 
taining  440  retorts  (four  furnaces  being  united  in  a  massive  and  each 
furnace  having  five  or  six  rows  of  10  retorts) ;  and  four  Siemens  furnaces, 
each  containing  240  large  retorts.  Plans  were  in  hand  at  that  time  for  the 
replacement  of  a  number  of  the  old  direct  fired  furnaces  by  two  additional 

Siemens  furnaces.  .  . 

The  direct  fired  furnaces  are  contained  in  a  house  13-.  m.  in  wi  t 
in,i(le  and  1  40  in.  in  length.  Two  transverse  walls  ilivhle  the  house  into 
three  sections,  the  middle  one,  which  is  20  m.  in  length,  serving  tor  the 


1 Vide  p.  431. 
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storage  of  coal.  The  walls  of  the  two  furnace  rooms  are  pierced  by  numer¬ 
ous  large  openings  for  light  and  ventilation.  The  distance  from  the  fronts 
of  the  furnaces  to  the  opposite  walls  of  the  building  is  5*1  m. ;  the  minimum 
distance  between  the  furnace  massives  is  3-75  m.  The  furnace  rooms  are 
12-1  m.  in  height  in  the  middle,  the  pitch  of  the  roof  being  41°.  There  is 
a  longitudinal  opening  in  the  roof,  over  the  furnaces,  2-1  m.  in  width. 
The  house  sets  along  the  bank  of  the  River  Meuse.  There  is  a  longitudinal 
sub  gallen,  T4  m.  in  width  and  2T5  m.  in  height,  extending  under  the 
of  furnaces,  and  numerous  transverse  galleries,  the  latter  debouching 
a  t  le  ground  level  on  the  down  hill  side.  The  retort  residues  drop  through 
openings,  0-2  m.  in  width,  in  front  of  the  furnaces. 

tlu'm^  ^UrnaCeS  are  conknned  in  two  houses,  two  in  each.  One  of 
T‘  ”5  “  :idth  and  «  m.  in  length,  its  height  being  9-9  m. 

d  sW  4  4  m  r  if  m-  “  tl,e  Sides-  The  Kades  of  the  furnaces  are 
houtet  1*7  •  "*•  and  the  tw°  A™***  set  13  m.  apart.  The 

affords  a  clear  roomof  (Tm 1  *  *  ^  m‘-  m  length‘  The  increased  width 

set  only  4.4  m>  aT)art  1  •  on  eac  1  long  side  of  the  furnaces;  the  latter  are 

the  middle;  the  roof  pitched  39°  .h°USe  is  11,5  m‘  in  height  in 

ground  level.  ‘  ^  le  Av°rkmg  floors  are  2-4  m.  above  the 

Oies  high  in  lead  are  treated  at  LW  ai 
Pb-  B-v  greening,  crushing  and  residlles  containing  8  to  12  % 

assaying  30  to  40%  pu  nn,i  tJ  ^  t  le^  are  concentrated  to  a  product 
TOur.-The  furnacef  “dpZ°d *  2|?  * ,%  Per  1000  kg. 
la  A  leille  Montague  are  of  thp  118  ^  an^  the  Societe  Anonyme  de 

hut  the  retorts  are  somewhat  small  &S  Pl0se  Used  at  Valent  in-Cocq, 

as  a  massive,  each  furnace  havinJino  "°  Plrnaccs  are  grouped  end  to  end 
arc  12  massives,  which  are  contain  l  ret°rts’  °r  210  Per  massive.  There 
oUer  portion,  iM  in  *  ho’,8a  W  m.  in  length.  Its 

room  Of  onIv  3.4  m  j  «  ’’  «  M  m.  in  width  inside,  affording  a  clear 
“lddIe  a"d  «.  at  the  sides  th^o  ™8^  14  is  10'85  m.  high  in  the 

1], issue  lore  is  an  opening  2.5  m  J  ''’',nRa  pitch  of  45°.  Above  each 
monitors,  but  it  was  found  that  tlhi  latT  '  ThcSe  us"d  *o  be  covered  by 

tion  i“  exeeh™tth  TbT0  ““^nently  '•'^d^u/8'^*,!'6  diaPersio".  °f 

%Lizd  M  m 

is  6-75  rn  '"'™  'l"5  maE“iv"s  is  3-S  m  ,!i'n  “nd  s,dos  respectively.  The 
The  faces  fV*?  S'',C'  Tn  ,ll!s  evten  '  1  T1‘’,0ar  room  in  front  of  them 

~  P^aedtTh  r  '.,as  8  »»-'■  of 

0  that  of  the  niebo  -  nnterweighted  doors,  corre- 
S  an<1  in  height  to  that  of  two 
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rows  of  retorts.  These  are  used  when  the  retorts  are  being  discharged, 
the  residues  drop  into  pockets  below  the  working  floor,  whence  they  are 
removed  in  cars  on  a  monorail  system.  At  the  four  corners  of  each  furnace 
there  is  a  sheet  iron  chimney,  rising  above  the  roof  of  the  house,  to  ventilate 
the  pockets  in  which  the  residues  are  collected. 

Besides  the  distillation  furnaces,  there  are  at  hi  one  nine  reverberatory 
roasting  furnaces.  I  hese  are  now  attended  by  two  men  per  furnace,  work- 
ing  eight-hour  shifts,  instead  of  three  men  working  12-hour  shifts,  as 
formerly.  The  number  of  men  per  24  hours  and  the  output  per  furnace 
remain  the  same. 

Foret. — The  Soeiete  Anonyme  Metallurgique  de  Prayon  has  two  houses, 
each  containing  six  Siemens  massives  of  240  retorts.1  The  older  of  the  two 
is  150  m.  long  and  18*8  m.  wide  inside,  the  fronts  of  the  furnaces  beinir 
G-!)  m.  from  the  longitudinal  walls  of  the  building,  which  are  pierced  by 
numerous  and  large  openings.  Interposed  between  the  massives,  which 
are  arranged  in  line,  there  are  three  furnaces  for  tempering  retorts.  The 
distance  between  the  adjacent  distillation  furnaces  is  G  to  6*5  m.,  but  when 


a  tempering  furnace  intervenes  the  distance  is  11  to  12  m.  The  newer 
house  is  125  m.  long  and  18-4  m.  wide  inside,  the  clear  space  in  front  of 
the  massives  being  0-7  m.  and  the  distance  between  two  massives,  end  to  end, 
5  m.  In  this  installation  the  tempering  furnaces  are  outside  of  the  main 
building.  The  roofs  of  the  two  houses  pitch  45°.  There  is  an  opening 
2  m.  wide  throughout  their  length,  which  in  conjunction  with  the  sharp 
pitch  insure  good  ventilation.  The  roofs  are  of  iron.  The  height  from 
the  working  floor  to  the  roof  is  13  m.  at  the  center.  The  working  floors 
are  2-7  m.  above  the  ground  level. 

The  Prayon  furnaces  have  been  described  elsewhere  in  this  book.  Cylin¬ 
drical  prolongs  are  used  on  the  condensers.  The  blende  that  is  treated  is 
roasted  in  a  neighboring  sulphuric  acid  works. 

Montzen. — The  new  plant,  which  is  now  the  only  one  in  operation,  con¬ 
sists  of  a  house  142  m.  in  length  and  17-8  m.  in  width  inside.  The  height 
is  G  m.  at  the  sides  and  12-5  m.  in  the  center;  the  roof  (which  is  supported 
by  iron  trusses)  has  a  pitch  of  34-5°.  The  house  contains  three  Liege 
massives  of  336  retorts  (four  furnaces,  each  7X12) ;  three  Lor  massives  of 
240  retorts  (four  furnaces,  each  GX10) ;  and  two  Loiseau  massives  of  288 
retorts  (two  furnaces  of  144  per  massive).  These  furnaces  are  arranged  in 
line.  The  house  is  ventilated  by  a  monitor  3-5  m.  in  width,  extending  the 
whole  length  of  the  roof.  The  ash  galleries  are  1-5  m.  wide  and  24  m. 
hi  oh,  except  in  those  places  where  the  transverse  flues  of  the  Loiseau  fur- 


1  An  older  plant  of  six  direct  fired  bloekR  has  lately  been  dismantled. 
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naoes  pass,  in  which  they  are  necessarily  lower.1  The  level  of  the  galleries 
is  34  in  below  the  working  floor  of  the  house.  The  ground  level  corre¬ 
sponds  with  the  floor  level  on  one  side  of  the  house  and  with  the  gallery 
level  on  the  other  side.  The  retort  residues  drop  into  pockets,  whence  they 
are  drawn  in  tram-cars,  the  galleries  being  laid  with  rails.2 

the  residues  at  Montzen,  containing  about  5%  Pb,  are  jigged  so  as  to 
afford  a  first  class  product  assaying  about  24%  Pb  and  316  g.  Ag  per  1000 
kg.,  and  a  second  class  product  assaying  about  13%  Pb  and  160  g.  Ag. 

The  works  at  Montzen  are  operated  by  the  Compagnie  d’Escombrera- 
Bleyberg.  The  roasting  plant  and  the  old  distillation  plant  are  idle. 

Ougree.  The  works  of  the  Societe  Anonyme  de  Biache  St.  Yaast  com¬ 
prises  four  Loiseau  furnaces  with  144  retorts  each,  one  Loiseau  massive  of 
288  retorts,  and  one  Dor  massive  of  200  retorts.  These  are  contained  in  a 
house  17-3  m.  in  width  inside  and  about  67  m.  in  length.  It  is  an  old 
construction,  being  only  2-3  m.  high  at  the  side  walls,  and  8-8  m.'in  the 
middle,  and  the  ventilation  is  poor.  The  distance  between  the  furnaces, 
end  to  end,  is  about  4  m. ;  the  space  in  front  of  the  furnaces  is  6-7  m. 
on  one  side  and  6-2  m.  on  the  other.  The  subterranean  galleries  are  1-6  m. 
wide  and  2  m.  in  height  to  the  crown  of  the  arch,  the  latter  being  a  semi¬ 
circle.  There  is  one  gallery  extending  longitudinally  under  the  line  of 
furnaces  and  four  transverse  galleries. 

llie  ore  treated  is  exclusively  calamine,  high  in  iron  and  low  in  lead, 
containing  about  45%  Zn  on  the  average.  The  residuum  is  screened  and 
passed  over  magnetic  separators  to  recover  the  large  quantity  of  metallic 
iron  and  Fe304  which  it  contains.  The  tailings  therefrom  are  jigged  for 

recovery  of  a  further  portion  of  iron.  The  washed  coal  which  is  obtained 
by  the  jigging  is  given  away. 

Overpelt.  This  plant  has  six  Siemens  furnaces  of  216  retorts  each  con¬ 
tained  in  three  houses  (two  in  each).  The  houses  are  15-4  m.  wide  inside 
and  about  50  m.  long.  The  roof,  supported  by  iron  trusses,  is  4  m.  above 
the  working  floor  at  the  sides  and  10-5  m.  at  the  center,  the  pitch  being 

I  Along  the  rldge  there  is  an  opening  about  20  m.  long,  which  is  boxed 
up  to  a  height  of  0,5  m.  above  the  top  of  the  roof,  with  converging  sides,  so 
that  the  opening  is  2-5  m.  wide  at  the  bottom  and  2-3  m.  at  the  top  The 
working  floors  of  the  houses  are  2,5  m.  above  the  ground  level.  The  faces 
of  the  furnaces  are  5-2  m.  from  the  longitudinal  walls.  The  distance  be 
tween  the  two  massives  in  each  house  is' 10  m.,  a  tempering  furnace  inter- 

p.  1  ™p  dosor,i>t:on  of  thp  r"u  furnace’  £  onos>  t,,e  **ve  to 

*  At  many  of  the  Belgian  works,  even  some 
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veiling.  On  the  lower  floor  (ground  level)  there  is  an  eating-room  and 
baths  for  the  men.1 

The  general  design  of  the  furnaces  at  Overpelt  was  described  in  Chapter 
X.  The  condensers  fit  in  the  upper  part  of  the  retorts  (the  axes  of  which 
are  0-17X0-30  m.),  the  lower  part  being  closed  during  the  distillation  by 
means  of  a  tile,  which  is  removed  when  the  residues  have  to  be  raked  out, 
the  condensers  remaining  in  place  during  the  maneuver.  Cylindrical  pro¬ 
longs  are  used  on  the  condensers.  In  raking  out  the  residues  the  niches  are 
closed  in  iront  by  means  of  doors,  except  of  course  the  one  that  is  being 
worked  through,  and  the  ashes  drop  through  holes  in  the  iron  shelves  into 
pockets  below  the  floor  level,  whence  after  cooling  they  are  transferred  to 
cars.  Originally,  at  this  plant  the  residues  were  dropped  directly  into  cov¬ 
ered  cars,  but  that  method  had  to  be  abandoned  because  in  cooling  they 
agglomerated  to  such  an  extent  that  it  was  difficult  to  empty  the  cars  and 
the  latter  were  rapidly  destroyed.  The  ores  treated  at  Overpelt  are  high 
in  lead,  the  residues  assaying  about  14%  Pb.  They  are  concentrated  by 
jigging  to  about  38%  Pb. 

Settles.  Ihis  plant  comprises  14  massives  of  direct  fired  Liege  furnaces, 
each  of  240  retorts  (6X10  per  furnace  and  four  furnaces  per  massive). 
The  massives  are  8-75  m.  long  and  4-7  m.  wide.  They  are  arranged  in  line, 
about  6  m.  apart,  in  three  houses.2  The  latter  are  17-2  m.  in  width  inside, 
and  11-25  and  3-5  m.  in  height  at  the  middle  and  sides  respectively,  the  roof 
having  a  pitch  of  40°.  The  fronts  of  the  furnaces  are  6-25  m.  from  the 
longitudinal  walls  of  the  building.  The  sub-floor  is  3  m.  below  the  work- 
ing  floor.  On  one  side  of  the  house  the  working  floor  corresponds  with 
the  ground  level;  on  the  other  side  the  sub-floor  is  at  the  ground  level,  the 
latter  sloping.  The  system  of  ventilation  is  very  good.  In  the  whole 
length  of  the  roof  there  is  an  opening  2-6  m.  in  width,  above  the  furnaces. 
Hanging  from  the  roof,  the  entire  length  of  the  building,  there  is  a  sheet 
iron  curtain  on  each  side  of  the  line  of  furnaces,  which  descends  to  the  level 
of  the  top  of  the  latter.  These  curtains,  which  are  5  m.  high,  converge 
slightly  toward  the  roof ;  at  the  top  they  are  7-4  m.  apart ;  at  the  bottom, 
7-9.  Their  lower  edges  are  1-6  m.  beyond  the  faces  of  the  furnace,  and  0-85 
m.  beyond  the  line  of  the  orifices  of  the  prolongs.  This  arrangement  pro¬ 
duces  an  active  draught.  The  prolongs  used  on  the  condensers  are  conical. 
The  residues  from  the  retorts  are  dropped  through  openings  0-25  m.  wide, 
along  the  fronts  of  the  furnaces,  into  hoppers,  which  are  twice  as  wide  as 
the  openings  in  order  to  avoid  trouble  from  agglomeration.  The  ores 


1  A  more  recent  arrangement  is  described  on  p.  G30. 

*  The  most  recent  of  these  Installations  was  made  In  1808. 
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treated  are  high  in  lead,  the  residues  containing  8-1  to  9-5%  Vh  Blendes 
arc  roasted  in  Eiclihorn-Liebig  furnaces  in  a  sulphuric  acid  works,  which 
is  connected  with  the  smeltery. 

Valentin-Gocq. — At  the  works  of  the  Societe  Anonyme  de  la  \  leille 
Montagnc  at  Yalentin-Cocq  direct  fired  Silesian  furnaces  of  24  muffles 
(1-3  m!  long,  0-55  m.  high  and  0-22  m.  wide)  and  furnaces  with  32  muffles 
(14  long,  0-6  m.  high  and  0-22  in.  wide)  were  originally  employed.  The 
24-retort  furnaces  were  charged  with  580  kg.  of  calamine  and  loO  kg.  cf 
reduction  coal,  and  required  a  consumption  of  1808  kg.  of  heating  coal  per 
24  hours.  The  breakage  of  muffles  per  24  hours  was  041  and  of  con¬ 
densers  two.  The  32-retort  furnaces  were  charged  with  920  kg.  of  calamine 
and  230  kg.  of  reduction  coal,  requiring  a  consumption  of  2143  kg.  of  heat¬ 
ing  coal  per  24  hours.  The  breakage  of  muffles  per  24  hours  was  04  and 
of  condensers  2-4.1 

The  furnaces  now  employed  at  Yalentin-Cocq  are  of  the  Rhenish  type, 
with  three  rows  of  18  retorts  per  side,  108  per  furnace  and  216  per  mas¬ 
sive,  two  furnaces  being  combined  end  to  end.  These  furnaces,  together 
with  the  old  Silesian  furnaces  referred  to  in  the  preceding  paragraph,  were 
described  and  illustrated  in  Chapter  X.  The  plant,  which  in  point  of 
magnitude  of  spelter  production  is  the  largest  single  plant  in  the  world, 
comprises  *84  massives  of  two  furnaces  and  one  single  furnace,  the  total 
number  of  retorts  being  7452. 

This  great  number  of  furnaces  is  arranged  in  line  in  a  series  of  houses, 
of  which  the  total  length  is  about  640  m.,  the  bouses  themselves  being  set  on 
parallel  lines,  the  distance  between  them  being  7-5  to  12-5  m.  In  the  more 
recent  constructions  the  width  inside  is  17-5  m.,  affording  a  clear  space  of 
6  m.  opposite  each  facade  of  the  furnaces.  The  latter  are  15  m.  in  length 
(per  massive)  and  a  space  of  3  m.  intervenes  between  each  pair  of  massives. 
The  retort  residues  and  ashes  from  the  grates  are  removed  through  longi¬ 
tudinal  and  transverse  galleries,  1*5  m.  in  width  and  2*4  to  2-5  in  height, 
which  extend  under  the  furnaces.  Rails  are  laid  in  the  galleries  for  tram- 
cars.  The  galleries  are  entirely  subterranean;  for  purpose  of  ventilation 
they  open  into  uncovered  trenches,  outside  of  the  furnace  houses,  or  com¬ 
municate*  with  shafts,  which  are  covered  by  gratings.  The  ashes  and  resi¬ 
dues  are  piled  in  a  heap  on  the  other  side  of  the  river  from  that  on  which 
the  furnaces  are  situated,  to  which  they  are  elevated  and  conveyed  over  a 
bridge. 

This  smeltery  was  established  by  the  Soe.  Anon,  de  fonderies  de  zinc  de 
Yalentin-Cocq  in  1816  and  was  purchased  by  the  Yieille  Montagne  in  1853. 

1  Sclmnbel,  TTandbuch  der  Metallhiittenkunde,  II,  173. 
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Germany. 

BernhardihOtte,  Upper  Silesia. — This  works,  which  is  one  of  the 
most  recent  constructions  in  Upper  Silesia,  has  eight  Siemens  regenerative 
furnaces  of  8U  muilles  each,  a  total  of  640  muffles.  The  Siemens  furnaces 
were  originally  introduced  into  Upper  Silesia  by  the  metallurgists  of  G.  von 
Giesche’s  Erben  and  are  now  used  to  the  exclusion  of  other  types  in  the 
works  of  that  company.  The  furnaces  at  the  Bernhardihiitte  are  note¬ 
worthy  for  their  great  size,  containing  a  larger  number  of  muffles  than  any 
other  furnaces  in  Upper  Silesia.  In  1000  the  Bernhardihiitte  smelted 
13.058  metric  tons  of  calamine,  7898  of  roasted  blende  and  46  of  between- 
products,  a  total  of  23,002  tons.  The  consumption  of  cinder  was  8719 
tons,  or  37-9%.  Heating  coal  of  various  kinds,  chiefly  of  the  better  grades, 
amounted  to  27,665  tons,  of  which  2622  was  for  calcining  calamine,  238 
for  drying  muffles,  520  for  tempering  muffles  and  24,285  for  heating  the 
distillation  furnaces.  The  total  consumption  of  coal  for  distillation,  ex¬ 
clusive  of  cinder,  but  inclusive  of  what  was  used  for  preparing  muffles,  was 
14)9  ton  per  ton  of  ore  j  for  the  distillation  furnaces  alone  it  was  onl\  1  05 
ton  per  ton  of  ore.  The  yield  of  spelter  was  4108  tons,  or  17*86%  of  the 
weight  of  the  ore.  The  consumption  of  coal  for  distillation  was  approxi¬ 
mately  six  tons  per  ton  of  spelter  produced.  The  consumption  of  fire  clay 
was  1576  tons=0*07  per  ton  of  ore.  Of  muffles,  there  were  used  5112 ; 
estimating  an  average  working  time  of  345  days,  this  number  corresponds 
to  a  breakage  of  14*8  per  day,  or  2*3%.  On  the  same  basis  the  average 
charge  per  muffle  was  104  kg.  and  per  furnace  8320  kg.  The  cost  for  labor 
was  150,520  marks  for  men  (149),  1279  for  boys  (4),  am  1  ,  b  or 
women  (85),  n  total  of  162,100,  or  "08  marks  (*$1*085)  par  ton  of  ore 
=39*62  marks  ($9-43)  per  ton  of  spelter. 

BiuxenganghCtte,  Kuen.sk  Prussia.  At  the  B.rkenganghutte 
near  Stolberg,  Siemens  furnaces  with  108  retorts,  arrange,  m  iree  rows  o 
is  each,  i.o.,  54  per  side,  are  used  (1895).  The  ore  d, sidled  * 

chiefly  of  roasted  hlende  assaying  52  to  53%  Zn.  which  la  m.xed  wrth .37  to 
38%  of  lean  coal  as  reduction  material.  The  charp  for  a  lOfl-relort  for- 
nace  amounts  to  4*9  metric  tons  of  ore.  winch  ,s  dmt.Ked  m 
ton  of  coal  being  burned  in  the  gas  producer  per  on  of  ore  ^  f 
crew  per  24  hours  numbers  10  men.  who  work  12-hour  shifts.  Tlie  ^ct 
are  unde  of  one  third  raw  clay  and  two  thirds  chamotte;  they  last  40  da>s 
on  the  average.1  At  the  Birkcnganghiitte  there  are  also  furnaces  metalled 
with  recuperators  for  heating  the  secondary  air  only.  These  furnaces  have 

t  SehnaM.  Handbocb  der  Motallliflitenkunde,  IT,  ITS. 
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108  retorts  (54  per  side)  arranged  in  three  rows  of  18  each,  like  the  Siemens 
furnaces.  They  are  charged  with  the  same  quantity  of  ore  and  give  prac¬ 
tically  the  same  results  as  the  Siemens  furnaces. 

Carlshutte,  Upper  Silesia. — This  works  has  ten  Siemens  furnaces  of 
32  muffles  each.  In  1900  they  smelted  7745  tons  of  ore  (of  which  19G3 
was  roasted  blende  and  the  remainder  calamine).  The  consumption  of 
cinder  was  52%  of  the  weight  of  the  ore  and  of  fuel  (coal  slack)  for  all 


purposes,  except  blende  roasting,  1-7  tons  per  ton  of  ore,  oi  approximately 
10-7  tons  per  ton  of  spelter  produced  (1229  tons). 

Clarahltte,  Upper  Silesia. — This  works  has  twelve  direct  fired  fur¬ 
naces  of  24  muffles  each,  a  total  of  288.  In  1900,  there  were  smelted  38G7 
tons  of  calamine,  2813  of  roasted  blende  and  G73  of  between-products,  a 
total  of  7353  tons,  which  yielded  1291  tons  of  spelter,  or  17-56%.  The 
consumption  of  cinder  was  57-5%  of  the  weight  of  the  ore  and  of  slack  coal 
for  heating  the  furnaces,  etc.,  1-5  ton  per  ton  of  ore,  i.e.,  approximately 
nine  tons  per  ton  of  spelter  produced.  The  breakage  of  muffles  was  2G03, 
or  approximately  2-6%  per  day.  The  average  charge  of  ore  per  muffle  was 
about  75  kg.  and  per  furnace  1800  kg.  Labor  cost  9-72  marks  ($2-31) 
per  ton  of  ore=55-35  marks  ($12-17)  per  ton  of  spelter. 

Dortmund,  Westphalia.— The  plant  at  this  place  in  1894  comprised 
10  massives,  each  of  240  retorts.  The  ore  treated  was  almost  exclusively 
blende.  The  average  grade  of  the  roasted  ore  was  50%  Zn.  The  furnace 
charge  was  8000  kg.  of  ore  and  2400  kg.  of  lean  coal  as  reduction  material, 
which  yielded  3G00  kg.  of  spelter  assaying  98-5%  Zn.  The  loss  in  dis¬ 
tillation  was  10  to  12%.  The  roasted  ore  contained  0-4  to  1-1%  S,  accord¬ 
ing  to  the  nature  of  its  gangue.  Retorts  lasted  for  60  charges  on  the  aver¬ 
age,  the  consumption  being  approximately  0-5  per  ton  of  ore  smelted.  They 
"’ere  made  of  two  parts  burned  clay  and  one  part  of  raw  clav,  both  from 
Andenne,  Belgium,  to  which  10%  of  coke  dust  (by  volume)  was  added,  the 
mixture  being  thoroughly  effected  by  shoveling  and  then  by  pugging  with 
10%  of  water  in  a  horizontal  mill,  2-5  m.  long,  in  which  the  27  knive^made 
7  r.  p.  m.  and  ejected  the  sausage  through  a  0-25  m.  tube.  The  sausage, 
cut  up  into  sections,  was  pounded  into  ballots,  0-4X0-4  m.,  by  means  of  a 
50  kg.  drop  hammer,  from  which  the  retorts  were  molded,  at  the  rate  of 
70  per  day,  by  a  Dor  hydraulic  press.  The  retorts  were  1-25X0-37V0-29 
in.,  outside  measurements,  the  walls  being  30  mm.  thick.  They  dried  one 
month  in  the  pressroom,  five  months  in  the  next  room,  and  six  months  i 
the  hotroom.  The  crew  of  each  distillation  furnace  (massive)  comprised 
two  stokers,  each  working  a  12-hour  shift,  four  brigadiers  nnrl  ,, 
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time  of  discharging  and  recharging  the  retorts.  The  latter  was  begun  at 
->  a.  in.  am  unshed  at  11  a.  in.  Spelter  was  drawn  only  once  per  24  hours 
namely,  at  4  a  m.  The  consumption  of  coal  was  1-5  'ton  per", on  of 

,  f0"1”*  l,,1rnocl,s  <w  »t  Dortmund,  and  the  distillation  furnaces, 

Jia\e  been  described  in  previous  chapters  of  this  book 

r.,GI,A“rCf-"'E8T1,H  lL,A-At  *he  works  of  the  Gesellschaft  Berzelius,  at 
(iladhach,  furnaces  containing  208  retorts,  arranged  in  three  rows,  104 

per  side,  are  used.  One  charge  is  distilled  per  24  hours,  the  furnace  crew 
for  24  hours  consisting  of  12  men.  The  ore  distilled  is  roasted  blende,  as- 
SaJ  mf  Zu>  mixed  Wlth  cinder  as  reduction  material,  the  charge  per 
^ort  unoimtmg  to  25  kg.  of  ore  with  8  kg.  of  cinder  and  per  furnace 
•>-  0  kg.  ore  with  1664  kg.  cinder,  which  yields  2400  kg.  of  spelter  the 
loss  in  distillation  being  10  to  13%.  In  the  production  of  1  kg.  of  spelter 
•  kg.  of  heating  and  reduction  of  coal  are  consumed.  Retorts  last  from 

‘  5 .t°  d0  (la-vs-2  The  consumption  of  heating  coal  according  to  the  fore- 
going  data  would  be  about  1*5  ton  per  ton  of  ore. 

(luiDOTTOHUTTE,  CiiBOPACZOw,  Uppek  Silesia.— The  erection  of  these 
works,  in  1887,  occupied  seven  months  and  cost  upward  of  1,000.000  marks 
(  $238,000). J  They  comprised  16  gas  fired  distillation  furnaces  of  32  muffles 
each,  a  total  of  512  muffles,  having  capacity  for  smelting  about  19,000  tons 
of  calcined  ore  per  annum;  a  plant  of  Hasenclever  furnaces,  capable  of 
roasting  about  14,000  tons  per  annum;  and  a  sulphurous  acid  department, 
Irom  which  857  tons  of  liquid  anhydride  were  turned  out  in  1891. 

Hoh enloheh Otte,  Upper  Silesia.— The  distillation  furnaces  in  use 
at  these  works  contain  64  muffles  of  56  cm.  height  and  15  cm.  width ;  those 
adjacent  to  the  gas  shafts  are  1-46  m.  long;  the  others  are  1-66  in.  long. 
The  charge  per  32  muffles  consists  of  850  kg.  of  roasted  blende  assaying 
12  to  45%  Zn,  250  kg.  of  lump  and  washed  calamine  assaying  26  to  32% 
Zn,  and  1050  kg.  of  calamine  slimes  assaying  14  to  16%  Zn,  the  total 
weight  of  the  charge  amounting  to  2300  kg.,  from  which  490  kg.  of  spelter 
is  obtained  for  a  consumption  of  3*35  tons  of  run  of  mine  coal  in  the  gas 
producers.4  This  does  not  include  the  reduction  coal. 

T  lie  ore  is  roasted  at  the  Hohenlohehiitte  in  double  hearth  reverberatory 
furnaces  (Freibergerofen),  of  which  the  hearths  are  about  7  m.  long.  The 
sulphurous  gases  are  conducted  to  towers  6  m.  high  where  they  rise  through 
a  spray  of  lime  water,  or  milk  of  lime,  calcium  sulphite  being  formed. 
The  sulphurous  anhydride  which  escapes  combination  is  dispersed  bv  a 


*  Revue  Unlverselle  des  Mines,  1S94,  XXV, 
38. 

2  Schnabel,  Handbuch  der  Metal  (hfitten- 
kunde,  vol.  II. 


*Th.  Dahlblom,  Rerg-u.  Htittenm.  Ztg., 
Dec.  11,  1891,  p.  449. 

4  Dammer,  Handbuch  der  Chcmischer 
Teehnologie,  II,  G73. 
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chimney  100  m.  high.  The  calcium  sulphite  is  oxidized,  by  exposure  to 
ihe  atmosphere,  to  calcium  sulphate  which  is  sold  as  a  fertilizer.  Before 
roasting  the  ore  is  pulverized  to  2  mm.  size.  The  distillation  furnaces  are 
heated  by  Booties  generators,  two  per  furnace,  operated  with  an  under- 
grate  blast.  The  furnaces  are  claimed  to  give  an  average  campaign  of  four 
to  five  years.  The  muffles  are  made  of  three  parts  raw  clay,  which  is  a 
mixture  of  Silesian  and  Galician  material,  and  four  parts  chamotte.  The 
charge  of  ore  per  32  muffles  is  2300  kg.,  of  which  the  zinc  tenor  averages 
20%.  The  recovery  of  metal  is  about  75%,  the  retort  residues  assaying 
3  to  5%  Zn.  The  crude  spelter  contains  about  3%  Pb,  which  is  reduced  to 
1%  by  a  subsequent  refining.  All  the  furnaces  at  the  Hohenlohehiitte  are 
equipped  with  Kleeman  condensers. 

At  the  end  of  1000  the  Hohenlohehiitte  had  18  Freiberg  roasting  fur¬ 
naces  and  72  gas  fired  distillation  furnaces  of  32  muffles  each,1  a  total  of 
2304  muffles.  In  1900  the  roasting  plant  desulphurized  39,335  metric  tons 
of  blende,  yielding  33,419  tons  of  product.  The  consumption  of  .c-oal  for 
roasting  was  15,101  tons,  all  of  which  was  slack  (Staubkohlen),  or  38-4% 
of  the  weight  of  the  raw  ore.  The  labor  cost  was  106,296  marks  for  men 
(139),  152  for  boys  (1)  and  15,146  for  women  (37),  making  a  total  of 
181,594  marks,  or  4-62  marks  ($1-10)  per  ton  of  raw  ore  and  5-43  marks 
($1*29)  per  ton  of  roasted  ore.  In  the  Ilohenlohe  smeltery  there  were 
treated  24,862  tons  of  roasted  blende,  33,350  tons  of  calamine,  and  1101 
tons  of  between-products,  a  total  of  59,313  tons,  which  yielded  10,296  tons 
of  spelter  and  452  tons  of  zinc  dust;  reckoning  the  latter  as  containing 
90%  Zn,  or  407  tons,  the  total  yield  of  zinc  was  10,703  tons,  or  18%  of  the 
weight  of  the  ore  smelted.  The  consumption  of  cinder  was  32,283  tons 
or  54-4%  of  the  weight  of  the  ore  smelted.  Of  heating  coal  there  were 
used  105,445  tons,  chiefly  small  coal,  which  was  1-778  tons  per  ton  of  ore 
smelted  and  approximately  10  tons  per  ton  of  spelter  produced.  The  con¬ 
sumption  of  fire  clay  was  6089  tons,  of  which  1562  tons  were  for  making 
condensers,  the  total  being  approximately  0-1  ton  per  ton  of  ore  *  The 
number  of  muffles  used  was  33,572.  Estimating  the  average  working  of 
the  furnaces  to  have  been  345  days  this  was  equivalent  to  97~3  pcr  <jay 
4-2%  of  the  whole  number  in  use  (2304).  On  the  same  basis  (345^  ^ 
work)  the  average  daily  charge  per  muffle  was  74-4  kg.  and  f  E"S 
2380  kg.  The  cost  of  labor  was  723,994  marks  for  men  1693 
boys  (38)  and  61.606  for  women  (178),  a  total  of  794  486  , 

was  13-4  marks  ($3-19)  per  ton  of  ore  and  77-1  marks'  OfciQ  aI\  S’  W  , 

■luuvs  por  ton 

1  This  refers  to  single  furnaces,  so  called.  The  64 -muffle  fumnr 

furnace.”  There  would  be  therefore  36  double^urna  •  ^  ^  a  * dout>le 
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of  spelter  (10,290  tons).  Besides  the  zinc  dust  previously  referred  to,  there 
were  produced  513  tons  of  lead  and  4352  kg.  of  cadmium. 

Lf.tmathe,  Westphalia. — At  Letmathe,  near  Iserlohn,  direct-fired  fur¬ 
naces  with  combined  step  grate  and  flat  grate  are  used  (1895).  They  have 
75  elliptical  retorts  of  0*105  m.  width  and  0*255  m.  height,  inside  measure¬ 
ments.  The  average  charge  per  retort  is  20  kg.  of  ore,  chiefly  roasted 
blende.  From  38  to  40%  of  anthracite  is  mixed  with  the  ore  ts  reduction 
material.  A  75-retort  furnace  distils  1950  kg.  of  ore  per  24  hours,  with  a 
consumption  of  three  to  four  tons  of  heating  coal  and  1*25  ton  of  reduction 
coal  per  ton  of  spelter  produced.  The  breakage  of  muffles  is  40  per  100 
kg.  of  zinc.  The  loss  of  zinc  in  distillation  is  14  to  16%.  The  furnace 
crew  consists  of  one  man  working  a  24-hour  shift  and  two  men  working 
10-hour  shifts.1 

Munsterbuschhutte,  Rhenish  Prussia. — At  the  Miinsterbuschhiitte, 
at  Stolberg,  furnaces  with  heat  recuperators  for  the  secondary  air  only  arc 
employed.  These  furnaces  have  a  gas  producer  at  each  end  and  240  retorts, 
or  120  per  side,  arranged  in  three  rows  of  40  each.  The  retorts,  which  are 
1*2  to  1*4  m.  in  length,  are  charged  with  35  kg.  of  roasted  ore  and  14  kg.  of 
coal;  they  are  made  of  Belgian  clay  (60%  chamotte  and  40%  raw  clay), 
to  which  a  small  percentage  of  coke  dust  is  added.  The  ore  distilled  assays 
52  to  54%  Zn.  Lean  coal  is  used  as  reduction  material  to  the  amount  of 
40%  of  the  weight  of  the  roasted  ore.  A  charge  is  distilled  in  24  hours. 
A  240-retort  furnace  reduces  eight  metric  tons  of  roasted  ore  per  24  hours, 
with  a  consumption  of  8*5  to  9*2  metric  tons  of  coal  in  the  gas  producers. 
About  2*5  tons  of  heating  coal  and  one  ton  of  reduction  coal  are  used  per 
ton  of  spelter  produced.  Retorts  last  from  40  to  50  days,  according  to  the 
percentage  of  iron  in  the  ore  distilled  and  the  proportion  of  reduction  coal 
employed.  The  furnace  crew  for  240  retorts  numbers  14  men  working 
eight  hours,  two  stokers  working  12-hour  shifts,  besides  one  laborer  for 
wheeling  ore,  coal  and  residues.2 

Muldneuhutte,  Saxony. — The  zinc  smeltery  at  the  Muldncrhiitte  at 
Freiberg,  in  Saxony,  has  a  Siemens  furnace  with  32  muffles,  which  are 
0*235  in.  wide,  0*49  m.  high  and  1*58  m.  long.  Each  muffle  is  charged  with 
50  kg.  of  roasted  blende  assaying  33%  Zn  and  25  kg.  of  coke,  made  fro:  i 
brown  coal,  as  reduction  material.  One  charge  is  distilled  per  24  hours. 
In  reducing  50  leg.  of  blende  1*5  hectoliter  of  heating  coal  is  used.  The 
weekly  product  of  the  32-retort  furnace  is  2500  kg.  of  spelter  and  250  kg. 
of  blue  powder,  the  latter  assaying  90%  Zn.  Of  the  zinc  content  of  the 

1  Schnabel,  Handbuch  der  MetallhQttenkandc,  II,  174. 

2  Schnabel,  op.  cit.,  II,  ISO. 
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ore  70%  is  recovered.  The  retort  residues  assay  10%  Zn ;  they  are  argen¬ 
tiferous  and  are  delivered  to  the  lead  smeltery  for  reduction  in  blast  fur¬ 
naces.1 

The  ore  smelted  at  the  Muldnerhiitte  is  chiefly  concentrated  blende  from 
the  Freiberg  dressing  floors,  which  assays  approximately  40%  Zn,  20%  Fe, 
0-04%  A g  and  30%  S.  It  is  roasted  in  Rhenania  furnaces,  which  put 
through  8200  to  8400  kg.  of  ore  per  24  hours  with  a  consumption  of  20 
hectoliters  of  brown  coal  and  20  hectoliters  of  Bohemian  soft  coal,  the 
former  averaging  5  to  (5%  ash  and  the  latter  15%.  The  ore  is  roasted  down 
to  less  than  1%  S.  The  distillation  department  used  to  have  a  Boetius 
furnace  with  48  muffles  (24  per  side)  and  a  Siemens  furnace  of  32  muffles 
(l(i  per  side),  but  the  Boetius  furnace  has  now  been  abandoned  in  favor 
of  the  Siemens  type. 


Neumuiil-Hamborn,  Westphalia. — At  Neumuhl-Hamborn,  near  Ober- 
hausen,  gas-fired  furnaces  with  recuperation  of  heat  in  the  air  for  secondary 
combustion  are  employed  (1805).  These  furnaces  have  252  retorts  ar¬ 
ranged  in  three  rows  of  42  each  per  side,  i.e.,  126  retorts  per  side.  There  is 
a  gas  producer  at  each  end  of  the  furnace.  The  retorts  are  0-16  m.  wide 
and  0-30  m.  high  and  1-4  m.  long,  inside  measurements.  They  are  made  of 
a  mixture  of  60  parts  burnt  Belgian  clay,  35  parts  raw  Belgian  clay  and 
fi\e  parts  coke  dust.  The  charge  for  distillation  consists  for  the  most  part 
of  roasted  blende  assaying  53  to  55%  Zn,  with  which  40  to  44%  of  reduc¬ 
tion  coal  is  mixed,  the  latter  consisting  of  coarse  screenings  of  lean  coal 
from  the  basin  of  the  Ruhr.  The  charge  per  retort  consists  of  30  to  35  kg. 
of  ore  and  13  kg.  of  reduction  coal,  together  with  a  small  quantity  of  skim- 
nnngs  and  condenser  scrapings  from  the  previous  day.  The  total  charge 
for  a  furnace  of  252  retorts  is  7600  to  8000  kg.  of  ore,  exclusive  of  skim- 
mings  and  scrapings.  The  distillation  lasts  19  hours,  five  hours  being 
occupied  by  the  maneuver.  The  consumption  of  heating  coal  amounts  to 
12  metric  tons  per  furnace  per  24  hours;  for  this  purpose  a  gassy  coal  slack 
with  20%  ash  is  used;  with  good  run  of  mine,  such  as  is  employed  at  other 
smelteries  in  Rhenish  Prussia  and  Westphalia,  the  consumption  is  one  third 
less.  Per  ton  of  spelter  produced  there  are  used  3-6  tons  of  heatiim  coal 
and  0-88  ton  of  reduction  coal.  Retorts  last  30  days  on  the  average  "ei-ht 
bemg  required  per  furnace  per  day.  During  the  maneuver  the'furnace 
crew  consists  of  12  men;  during  the  distillation  there  are  two  men,  who 
work  a  12-liour  shift. 

PauTiRH Cite,  Upper  Sn^u—Thi.  works,  nosr  Ros.Uin,  )lM  M  dircct. 


•  Schnabel  Hondhuch  d.*r  MelallhUttenkundc 

*  Schnabel,  op.  clt.,  II,  177. 


II,  178. 


EXAMPLES  FROM  PRACTICE. 


647 


fired  furnaces  of  32  muffles  each ;  and  12  Siemens  furnaces  with  792  muffles 
in  the  aggregate.  In  1895,  according  to  Schnabel,1  Siemens  furnaces  with 
only  32  muffles  were  in  use,  each  furnace  having  one  gas  producer  and  one 
or  two  gas  shafts.  The  gas  producers  were  run  with  a  fan  blast  of  air, 
and  the  air  for  secondary  combustion  was  also  blown  into  the  furnace. 
Muffles  were  made  of  65%  clay  and  35%  old  material.  The  charge  for  dis¬ 
tillation  consisted  of  30%  roasted  blende  and  70%  calcined  calamine,  cinder 
to  the  amount  of  40%  of  the  weight  of  the  ore  being  used  as  reduction  ma¬ 
terial.  The  charge  per  muffle  amounted  to  100  kg.  On  the  average  a 
32-muffle  furnace  would  put  through  3000  kg.  of  ore,  yielding  400  to  500 
kg.  of  spelter,  with  a  consumption  of  four  metric  tons  of  heating  coal, 
i.e.,  1-33  ton  of  coal  per  ton  of  ore,  or  8  to  10  tons  of  coal  per  ton  of  spelter. 
The  ore  yielded  13%  of  its  weight  in  spelter,  the  loss  in  distillation  amount¬ 
ing  to  20  or  21%  of  the  zinc  contents  of  the  ore.  The  life  of  the  muffles 
ranged  from  40  to  50  days. 

SiLESiAHiiTTE,  Upper  Silesia. — At  the  Silesiahutte,  at  Lipine,  in  1895, 
distillation  furnaces  with  two  gas  shafts  and  32  to  40  muffles  (16  to  20 
per  side)  were  in  use.  Each  furnace  had  one  gas  producer.  The  air  for 
secondary  combustion  was  blown  in  by  means  of  a  fan,  mixing  with  the  gas 
about  0-5  m.  below  the  upper  edge  of  the  gas  shaft.  The  muffles  were 
made  of  37  to  40  parts  of  raw  clay  and  60  to  63  parts  of  burnt  clay  shale 
and  old  material.  The  raw  clay  was  obtained  from  Briesen,  in  Moravia, 
and  Saarau,  in  Silesia;  the  clay  shale  from  Neurode  and  Mittelsteine,  in 
Silesia.  The  old  material  was  pulverized  to  6  or  7  mm.  size.  The  charge 
for  distillation  consisted  of  25  to  45  parts  of  calamine  and  75  to  55  parts 
of  roasted  blende,  varying  according  to  the  supply  of  the  respective  ores. 
Cinder  to  the  amount  of  45  to  47%  of  the  weight  of  the  ore  was  used  as 
reduction  material.  The  charge  of  ore  per  muffle  was  90  kg.  The  period 
of  distillation  ranged  from  16  to  17  hours,  seven  to  eight  hours  being  occu¬ 
pied  by  the  maneuver.  The  life  of  the  muffles  varied  from  35  to  47  days, 
depending  chiefly  upon  the  age  of  the  furnace  and  therefore  upon  the 
greater  or  less  solidity  of  its  hearth  and  upon  the  percentage  of  roasted 
blende  in  the  charge,  charges  high  in  blende  requiring  a  higher  temperature 
for  distillation  than  calamine.  The  daily  charge  of  a  32-muffle  furnace  was 
2880  kg.  of  ore;  of  a  40-muffle  furnace  3600  kg.  The  consumption  of 
heating  coal  was  1  to  1*2  ton  per  ton  of  ore,  or  about  5*5  tons  per  ton  of 
spelter  produced.  The  heating  coal  was  partly  slack  and  partly  a  slatv 
lump  coal.  The  consumption  of  cinder  for  reduction  material  was  0-45  to 
0-57  ton  per  ton  of  ore,  or  about  two  tons  per  ton  of  spelter  produced.  On 

i  Handbuch  der  Metallhiittenkunde,  II,  17fi. 
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the  average  two  muffles  were  broken  per  ton  of  spelter  produce, .  The 
yield  of  zinc  was  20%  of  the  weight  of  the  ore,  equivalent  to  ,7  to  80% 
'of  the  zinc  contents  of  the  latter,  the  loss  in  distillation  being  20  to  23%. 

The  distillation  departments  of  the  company  owning  these  works  are 
known  as  Silesia  II  and  Silesia  III.  At  the  end  of  1900  the  former  com¬ 
prised  GO  furnaces  with  a  total  of  1978  muffles,  while  the  latter  had  60, 
with  1984  muffles.  All  the  furnaces  were  gas  fired.  The  quantity  of  ore 
smelted  In  the  two  works  in  1900  amounted  to  51,910  tons  of  calamine, 
65,904  of.  roasted  blende  and  401  of  other  products,  a  total  of  118,215, 
which  yielded  25,572  tons  of  spelter,  or  21-6%.  The  consumption  of  cinder 
was  61,914  tons  (0*52  ton  per  ton  of  ore)  and  of  fuel  of  all  kinds,  but. 
chiefly  slack,  168,600  tons  (1-426  ton  per  ton  of  ore=approximately  6-6 
tons  per  ton  of  spelter  produced).  The  consumption  of  fire  clay  was  3539 
tons  and  of  muffles  38,425,  the  latter  figure  indicating  a  breakage  of  approxi¬ 
mately  2-8%.  The  average  charge  of  ore  per  muffle  was  about  86-5  kg. 
The  total  cost  of  labor  was  1,224,100  marks,  or  10-35  marks  ($2-46)  per 
ton  of  ore=47-87  marks  ($11-39)  per  ton  of  spelter  produced. 

According  to  memoranda  made  in  1893  all  the  furnaces  of  the  Silesia- 
hiittc  were  equipped  with  Kleeman  condensers.  The  furnaces  were  grouped 
in  pairs  with  a  kiln  between  them  for  calcining  calamine,  which  was  heated 
by  the  escaping  products  of  combustion.  The  muffles,  which  were  0-625 
m.  high  and  0-14  m.  wide  inside  and  1-7  m.  long,  weighing  250  kg.,  were 
made  of  60%  chamotte  and  40%  raw  clay.  The  raw  clay  was  ground  by 
means  of  coffee  mill  pulverizers  and  the  chamotte  by  means  of  roller  mills. 
The  batch  was  mixed  with  12%  water  and  kneaded  in  vertical  pug  mills. 

The  blende  which  is  treated  at  the  Silesiahiitte  is  roasted  in  various  types 
of  furnaces,  including  grate  kilns,  two-hearth  reverberator! es  ( Freiberger- 
ofen),  Hasenclever-Helbig  furnaces  and  Rhenania  furnaces,  the  last  being 
of  the  latest  construction  and  the  most  preferred.  A  double  furnace  of  that 


type,  operated  by  eight  men  per  24  hours,  will  roast  8000  kg.  of  ore,  con¬ 
taining  20  to  30%  S  down  to  1%  S,  with  a  consumption  of  20%  of  its 
weight  of  coal.  The  ore  is  crushed  to  pass  a  2  mm.  screen  before  roasting. 
The  roast  gases  from  the  reverberatory  furnaces  are  dispersed  through  a 
chimney  80  m.  high ;  the  sulphurous  gases  from  the  Rhonania  furnaces, 
which  contain  5%  SO.  by  volume,  are  utilized  for  the  manufacture  of  sul¬ 
phuric  acid. 

WilhklminkhOtte,  IT’Per  Silesia. — The  ore  treated  at  these  works  is 
a  mixture  of  blende  and  calamine.  The  lump  blende  is  roasted  in  kilns: 
the  fines  in  two-hearth  reverberatory  furnaces.  The  roasted  blende  and  cal- 


1  PchnalKl  Ilaiultmch  tlpr  Mptullhflttpnkuudp,  U,  176 
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1  «vx  +?  amme  T  c]lstlllcd  111  Sicmens  regenerative  furnaces,  of  which  in 
'  °  t  lere  W<;re  30’  havmS  08  an(1  72  muffles  each,  i.e.,  34  and  36  per  side. 
e  ave™ge  length  of  furnace  campaign  was  said  to  be  from  three  to  four 
years.  The  muffles  are  0-14  m.  wide  and  0*6  m.  high  inside  and  1-7  m. 
long,  they  are  made  of  55%  raw  clay  and  45%  old  material.  A  68- 
muffle  furnace  is  charged  with  7000  kg.  of  ore  assaying  20%  Zn,  with  which 
is  mixed  45%  of  reduction  material.  The  yield  of  metal  is  about  1100  kg 
which  is  a  trifle  more  than  150  kg.  per  ton  of  ore,  or  75%  of  its  zinc  con¬ 
tents.  The  distillation  furnaces  are  fitted  with  Dagncr  condensers. 

In  1000  there  were  in  operation  at  the  Wilhelminehiitte  30  furnaces 
with  a  total  of  2028  muffles,  which  smelted  67,139  metric  tons  of  ore  (cala¬ 
mine  and  roasted  blende),  yielding  11,743  tons  of  spelter,  or  approximately 
17-5%  of  the  weight  of  the  ore.  The  total  consumption  of  fuel  and  reduc¬ 
tion  material  (cinder)  was  105,124  tons,  of  which  4301  tons  were  for  calcin¬ 
ing  calamine,  3300  tons  for  tempering  muffles,  720  tons  for  refining  crude 
spelter,  970  tons  for  cadmium  smelting  (4850  kg.  of  cadmium  produced), 
3710  tons  for  steam  and  power,  and  87,827  tons  for  distillation.  Estimat¬ 
ing  that  the  cinder  consumed  was  50%  of  the  weight  of  the  ore,  the  fuel 
alone  would  have  been  about  54,250  tons=  approximately  0-8  ton  per  ton 
of  ore  and  4-6  tons  per  ton  of  spelter  produced.  Tn  refining  the  crude 
spelter  there  vas  obtained  162  tons  of  lead,  or  1*36%.  The  consumption 
of  muffles  for  cadmium  smelting  was  135;  for  zinc  smelting,  14,047.  The 
latter  figure  indicates  a  breakage  of  2%  daily.  The  average  charge  of  ore 
per  muffle  was  approximately  96  kg.  Labor  cost  nine  marks  ($2-15)  per 
ton  of  ore=51*36  marks  ($12*22)  per  ton  of  spelter  produced. 


Great  Britain. 

Swansea,  Wales. — The  English  Crown  Spelter  Co.  in  1892  smelted 
9249  long  tons  of  calcined  calamine,  3147  tons  of  calcined  blende,  681 
tons  of  zinc  ashes  and  39  tons  of  flue  dust,  a  total  of  13,116  tons,  which 
yielded  5527  tons  of  spelter.  There  were  consumed  22,241  tons  of  coal  for 
heating  the  furnaces  and  6413  tons  for  reduction  material,  a  total  of  28.654 
tons,  besides  which  the  requirements  for  other  purposes  raised  the  total 
consumption  of  the  works  to  32,124  tons.  The  consumption  of  retorts 
amounted  to  12,293,  and  of  condensers  to  99,406,  an  average  of  2*22  and 
18  per  ton  of  metal  respectively.  The  total  consumption  of  coal  was  2*45 
tons  per  ton  of  ore  smelted  and  5*81  per  ton  of  metal  produced.  The  coal 
for  heating  the  furnaces  amounted  to  1*7  tons  per  ton  of  ore.  while  the  coal 
used  for  reduction  material  was  approximately  49%  of  the  weight  of  the 
ore. 
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In  1895  the  English  Crown  Spelter  Co.  smelted  13,350  tons  of  ore,  of 
which  8753  were  calamine,  4020  blende,  374  zinc  ashes  and  .203  flue  dust. 
The  make  of  metal  was  5727  long  tons.  The  consumption  of  coal  on  the 
grates  was  24,802  tons  and  for  reduction  material  6886  tons.  The  con¬ 
sumption  of  retorts  amounted  to  12,515.  The  consumption  of  reduction 
material  was  about  51%  of  the  weight  of  the  ore  and  of  heating  coal  1*85 
tons  per  ton  of  ore.  The  ore  distilled  is  of  rather  low  grade.  The  dis¬ 
tillation  furnaces  are  partly  direct  fired  and  partly  gas  fired. 

The  average  consumption  of  coal,  retorts  and  condensers  per  long  ton  of 
metal  produced  in  several  years  is  shown  in  the  following  table: 


Coal  0 

Retorts 

Condensers 

1890 

2*56 

17  9 

1891 

503 

2'26 

177 

1892 

519 

2*22 

18*0 

1894 

2*31 

16*9 

1895 

5*52 

218 

16*7 

a  Heating  coal  and  reduction  material;  coal  for  other  purposes  amounts  to  about  0*6  ton  per  ton 
of  metal  additional. 


Lml  Works.  Considerable  attention,  especially  in  England,  has  been 
directed  lately  to  the  Picard  and  Sulnian  method  of  zinc  smelting,  which 
has  recently  been  applied  on  a  commercial  scale  at  Cockle  Creek,  N.  S.  W., 
consignments  of  spelter  therefrom  having  already  been  received  in  England. 
Before  the  erection  of  the  works  in  Australia  was  undertaken  the  process 
was  given  a  trial  at  the  Emu  works,  in  Wales,  where  upward  of  4000  tons 
of  ore  were  treated  by  it  during  1901,  so  that  it  may  fairly  be  considered 
to  have  passed  the  experimental  stage.  Its  details  were  communicated  by 
the  inventors,  Messrs.  H.  Kirkpatrick  Picard  and  II.  Livingstone  Sulman, 
in  a  paper  entitled  “A  Dry  Process  for  the  Treatment  of  Complex  Sulphide 
Ores,’*  read  before  the  Institution  of  Mining  and  Metallurgy,  June  19  1902 
of  which  paper  the  following  paragraph  is  an  abstract: 


“The  roasted  ore  is  mixed  with  about  20%  of  its  weight  of  crushed  cokine 

coal,  and  the  mixture  is  briquetted  in  any  suitable  tvpe  of  machine  pitch 

or  some  other  carbonaceous  material  being  employed  as  binding  Th. 

briqnettes  are  then  .1  Willed  in  the  ordinary  manner  and  in  the'nomai  time 

T  hey  coke  into  coherent  masses  and  thereby  form  a  skeleton  wWL  u  1 1 

the  particles  of  reduced  lead  and  the  corrosive  matte  -ini  a  hol,1s  "P 

protect  the  walls  of  the  retort.  The  distillation  furnaces  4  ti  *  ™  th,US 

are  of  the  direct  fired,  Welsh-Belgian  type,  with  144  '  /  "  Lmu  works 

rows,  the  lowest  being  cannon  pots.  The  ore  treated  ^  *  amnged  m  six 

1  ore  treated  assays  25%  Zn  and 
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24%  Pb;  it  is  mixed  with  20%  of  crushed  coking  coal  and  5%  of  pitch. 
The  residues  assay  5  to  8%  Zn.  The  recovery  of  zinc  is  about  70%.  The 
consumption  of  retorts  is  3*7  per  furnace  per  day,  the  average  life  being 
35  to  42  days.  The  retorts  are  made  by  hand  and  cost  6s.  apiece,  which 
is  high  even  for  Wales.  The  residues,  coked  briquettes,  drawn  from  the 
retorts  are  smelted  in  the  ordinary  manner  for  recovery  of  their  silver  and 
lead  contents.  The  loss  of  lead  during  the  distillation  of  the  zinc  is  in¬ 
significant  and  but  very  little  lead  goes  over  into  the  spelter,  the  latter 
averaging  90%  Zn  and  only  about  0-5%  Pb.”1 

The  paper  of  Messrs.  Picard  and  Sulman  failed  to  go  into  numerous  de¬ 
tails  that  we  should  like  to  know  about.  For  example,  the  method  of  making 
the  briquettes,  their  shape  and  physical  characteristics,  and  the  manner  of 
charging  them  into  the  retorts  are  not  described.  It  is  only  stated  that  a 
retort  takes  about  15  briquettes  and  the  charging  is  effected  by  means  of  a 
shaped  iron  paddle.  A  furnace  of  144  retorts  takes  seven  tons  of  briquettes. 
The  cost  of  briquetting  30  tons  of  roasted  ore  per  day  is  5s.  6d.  per  ton,  or  a 
total  of  165s.  6d.,  of  which  six  tons  of  coal  at  8s.  6d.  per  ton  account  for 
51s.,  and  1-5  tons  of  pitch  at  45s.  per  ton  come  to  72s.  6d.  Deducting  the 
cost  of  the  coal,  which  would  be  used  as  reduction  material  under  any  cir¬ 
cumstances,  the  actual  cost  of  the  briquetting  for  labor  and  material  is 
about  3s.  lOd.  per  ton  of  roasted  ore,  but  this  is  partially  offset  by  the 

smaller  percentage  of  coal  employed. 

The  results  reported  by  Messrs.  Picard  and  Sulman  are  very  interesting 
indeed  because  of  the  high  tenor  in  lead  of  the  ore  distilled  and  the  low 
percentage  of  reduction  material  employed.  The  latter  is  directly  contrary 
to  the  approved  practice  in  zinc  smelting  and  would  appear  to  indicate  that 
the  briquetting  of  the  charge  may  be  advantageous,  both  in  preventing  corro¬ 
sive  substances  from  reaching  the  walls  of  the  retort  and  in  increasing  the 
capacity  of  the  furnace.2  It  is  upon  this,  indeed,  that  the  only  essential 
claim  of  the  Picard  and  Sulman  patent  rests.  United  States  patent  No. 

lead  remains  In  metallic  form  In  the  resi¬ 
dues,  the  major  part  being  slagged  with 
silica.  Iron  and  lime.  The  briquettes  come 
out  in  very  fragile  form,  and  to  smelt  them 
in  a  blast  furnace  without  a  previous  sinter¬ 
ing  would  be  a  doubtful  process.  The  resi¬ 
dues  have  a  shining,  blaclc,  graphitic  appear¬ 
ance.  which  is  probably  due  to  the  deposition 
in  them  of  finely  divided  soot  from  dissoci¬ 
ation  of  the  hydrocarbon  used  as  binding 
agent.  In  1808  complex  ore  containing  25% 
Zn  and  24%  Pb  was  smelted  by  the  ordinary 
method  at  the  Rirkenganghiitte  at  Stolberg, 
Rhenish  Frussia,  without  difficulty. 


1  The  small  percentage  of  lead  in  the  spel¬ 
ter.  together  with  the  high  percentage  of 
zinc  in  the  residues  indicate  distillation  at  a 
low  temperature. 

»  These  results  may  be  accepted,  but  met¬ 
allurgists  differ  as  to  the  true  reasons  there¬ 
for.  The  metallurgists  of  the  Overpelt 
works.  Relgium.  attribute  them  not  to  bri¬ 
quetting  of  the  charge,  but  rather  to  the  use 
of  the  pitch,  the  employment  of  which  has 
been  patented  by  Mr.  Wilhelm  Schulte  (vide 
p.  505).  F.  Kiessling,  superintendent  at 
Overpelt,  in  commenting  upon  the  Ticard 
and  Sulman  process  (Rerg-n.  Iliittenm.  Ztg., 
I.XT,  xxxvili,  483)  states  that  very  little 
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665,744,  issued  January  8,  1901,  lias  a  single  claim,  as  follows:  "The 
process  of  treating  sulphide  ores  containing  silver,  zinc  and  lead,  which 
consists  in  roasting  the  ore  to  the  form  of  oxides,  mixing  the  roasted  product 
with  carbonaceous  material  suitable  for  coking,  forming  the  mixture  into 
briquettes  and  distilling  the  briquettes  under  such  condition  that  they  are 
first  coked  into  coherent  masses  and  finally  the  zinc  reduced  and  volatilized, 
while  the  lead  is  reduced  and  the  lead  and  silver  retained  in  minute  particles 
t  roughout  the  coke.’’  This  does  not,  however,  appear  to  be  essentially 
different  from  the  process  of  Binon  and  Grandfils,  which  is  referred  to  in 
laptu  XI.  I  ho  Binon  and  Grandfils  process  was  tried  practically  at 
o\  >erg,  Belgium,  in  1882,  with  successful^  results  it  was  claimed  at  that 
time,  but  the  method  did  not  continue  in  use. 


United  States. 

Bertha  Works,  Pulaski,  Va.-TIic  ore  smelted  at  these  works  is  a  con- 

Tnfw*^  0  approximately  the  following  composition:  47-61% 

2*077  MffTO  U  ,^%,  Sl°2’  9'23^°  Fe2°3+ A1203,  4-54%  CaC03, 
7%  MgC03,  and  8-23%  of  combined  water.  It  is  dried  in  a  revolving 

cylinder  furnace  30  ft.  long,  heated  by  an  8  ft.  Taylor  gas  producer.  The 
smeltery  has  10  Welsh-Belgian  furnaces,  each  containing  140  elliptical  ro¬ 
tor  s,  which  are  4  ft.  long  and  8X10  in.  in  section  inSde.  The  heat  in* 
coal  is  run  of  mine  from  the  Pocahontas  Flat  Top  region,  75  miles  from 

ter  and  TlT  °f  Car,,°n>  18‘7J,%  of  volatile  mat¬ 

er  and  94%  of  ash  An  anthracite  coal  from  Altoona  is  employed  as 

reduction  material.1  The  ordinary  charge  per  furnace  consists  of  4^5  ton 

of  ore  mixed  with  three  tons  of  coal.  The  yield  of  snclter  f™  i 

charge  is  1950  to  2000  lb.,  about  80%  of  the  zinc  in  th  .  ^  SUch  & 

ered.  Prolongs  are  used  on  the  condensers*  the  11  *  oro  »(‘ing  recov- 

t herein  assays  about  80%  Zn.  Most  of  the  sp’elter 

works  is  exceptionally  high  grade,  which  has  made  it  ■  1  !  !  Bcrtha 

over  the  world.  In  its  production  no  iron  too  Ms  IJ?  fa™US  a11 
contact  with  the  zinc  in  its  molten  condition.  ^  d  t0  C°me  fnto 

C  OLLT'N’SVTLLK  WoftKR,  C O LLTN SYTLLE  Trj  _ Af  fl 

tion  furnaces  are  of  the  direct  fired  Belgian  tvne  p  the  clistilla- 

retorts  arranged  in  eight  rows  of  18  each  per  side  Tl'  havin-  356 

on  a  level  with  the  ground,  the  retorts  being' worl-ed  r°.  Pellars  are 

which  is  reached  bv  inclined  planes.  The  one  sm  U  ,i  -r0rn  an  .T1PP<>r  floor, 
from  the  Joplin  district.  Tt  is  roasted  in  Brown  h  '  ^  blende 

1  Tho  Altoona  coal  contains  62-72%  fixed  carbon  lo  '  ■  bo<  furnaces,  each 

-*•«  to  3.1%  ash  1-43%  R  and 
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of  wliich  puts  through  about  12  tons  of  raw  ore  assaying  28%  S  per  day, 
yielding  about  10  tons  of  product  assaying  0*5  to  1%  S.  One  man  per 
shift  (eight  hours)  attends  to  a  furnace,  doing  the  stoking  and  tramming 
the  ore  to  it.  The  furnaces  are  fired  with  a  very  inferior  slack  coal,  of 
which  eight  to  10  tons  per  21  hours  are  required.  The  same  kind  of  coal 
is  used  for  heating  the  distillation  furnaces.  The  latter  have  four  grates, 
7-5  ft.X15  in.  There  are  only  two  bars  per  grate,  a  bed  of  clinker  being 
carried  on  the  grate  to  support  the  coal.  The  surface  of  the  fire  is  main¬ 
tained  about  3  ft.  above  the  grate  bars.  The  furnace  crew  consists  of  one 
brigadier,  two  long  shifts  and  two  short  shifts  per  128  retorts.  The 
brigadier  and  long  shifts  work  21  hours  in  the  customary  mannpr.  The 
charge  for  128  retorts  consists  of  5000  lb.  of  roasted  blende  mixed  with 
50%  of  reduction  material  (0*5  coke  and  0*5  lean  coal).  The  coke  is  made 
from  coal  that  lias  been  washed  to  remove  the  sulphur,  but  still  contains 
2-5%  of  that  element.  About  1800  lb.  of  blue  powder  and  other  between- 
produets  are  made  per  day,  which  are  put  into  the  retorts  of  the  seventh  and 
eighth  rows  in  charging  the  furnace  a  following  day.  The  consumption 
of  coal  on  the  furnace  grates  is  about  20  tons  per  21  hours.  The  retorts 
are  8  in.  in  diameter  inside  and  10-5  in.  outside;  they  are  18  in.  long  out¬ 
side.  They  are  annealed  in  down-draught  kilns.  About  eight  are  required 
daflv  by  each  double  furnace.  The  total  consumption  of  coal  is  approxi¬ 
mately  eight  tons  per  ton  of  spelter  produced. 

Columbia  Works,  Marion,  Ind. — All  the  furnaces  at  these  works  are 
heated  bv  natural  gas.  The  ore  is  roasted  in  shelf  burners  with  four 
hearths,  each  7X3  ft.;  the  burners  are  built  back  to  back  in  rows  or  mas- 
sives.  Each  burner  delivers  tvro  tons  of  roasted  product  per  21  hours,  one 
man  per  shift  attending  to  two  burners.  The  -work  is  done  by  contract 
at  $1  per  ton  of  product,  at  which  rate  the  contractor  earns  about  $2  per 
day. 

The  roasted  ore  is  distilled  in  gas  fired  furnaces,  of  which  the  design 
has  been  referred  to  elsewhere  in  this  treatise.  The  gas  is  introduced  at  8 
oz.  pressure.  The  regular  furnace  charge  is  1000  lb.  of  ore  per  100  retorts, 
which  yields  about  2375  lb.  of  spelter.  As  reduction  material  there  is  em¬ 
ployed  a  mixture  consisting  of  50%  anthracite,  25%  cinder  and  25%  lean 
coal.  The  recovery  of  zinc  is  about  82%,  referring  to  the  tenor  of  the 
roasted  ore. 

Edgar  Works.  Cherryvale,  Kan.— The  furnaces  at  these  works  are 
heated  by  natural  gas.  Brown  horseshoe  furnaces  are  used  for  roasting. 
The  distillation  furnaces  have  200  retorts,  arranged  in  five  rows  of  20  per 
side.  The  gas  is  introduced  at  4  oz.  pressure,  through  pipes  which  enter 
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the  chambers  from  a  central  longitudinal  tunnel  under  the  middle  wall  of 
the  furnace;  gas  is  also  admitted  along  the  front  of  the  furnace  on  each 
side  through  a  horizontal  pipe,  of  which  the  branches  enter  between  the 
second  and  third  row  of  retorts.  With  favorable  ores  the  recovery  of  metal 
in  distillation  has  been  as  high  as  90%. 

Empire  Works,  Joplin,  Mo. — At  these  works,  which  are  now  idle,  only 
blende  concentrates  from  the  Joplin  district  were  treated.  A  specialty  was 
made  of  buying  some  of  the  grades  that  contained  more  pyrites  than  was 
desired  by  other  smelters,  this  material  being  roasted  and  then  separated  by 
means  of  M  etherill  magnetic  machines.  The  roasting  at  these  works  was 
done  by  means  of  a  Wethey  mechanical  furnace,  with  hearth  164X12  ft., 
heated  from  fireplaces  at  the  sides,  with  step  grates  and  under-grate  blast ; 
and  by  a  Pearce  two-hearth  turret  furnace.  The  gases  from  these  furnaces 
were  discharged  through  a  chimney  125  ft.  high.  The  Wethey  furnace  was 
able  to  roast  20  tons  of  ore  per  24  hours  with  two  men  per  shift ;  the  Pearce 
furnace  would  do  about  10  tons  of  ore  per  24  hours  with  one  man  per  shift. 
The  ore  was  roasted  down  to  about  1%  S.  The  labor  and  fuel  cost  was 
about  the  same  per  ton  oi  ore  with  each  furnace,  but  the  repairs  on  the. 
Wethey  furnace  were  higher  than  on  the  Pearce.  The  distillation  furnaces 
uut  of  the  direct  fired  Belgian  type  with  224  retorts.  The  regular  charge 
\vas  4-8  tons  per  24  hours  and  the  average  length  of  campaign  22  months. 

I  he  retorts  were  cylindrical  and  of  the  regular  dimensions ;  they  were  made 
b)  hydraulic  pressure.  All  the  machinery  about  the  works  was  driven  bv 
electric  motors  fed  by  current  from  a  central  station.  The  ore  was  dried 
on  inclined  plates,  heated  by  the  gases  from  the  roasting  furnaces,  whence 
it  was  moved  automatically  to  the  roasting  furnaces.  Each  roasting  fur¬ 
nace  had  its  own  drying  furnace.  The  coal  was  also  transported  mechanic- 
ally  to  the  roasting  furnaces. 

Girard,  Kan.- -These  works  smelt  zinc  silicate  ore  assaying  42%  Zn  of 
which  five  tens  'xe  distilled  per  24  hours  in  direct-fired  Belgian  furnaces 
with  224  retorts  The  yield  of  metal  from  such  a  charge  varies  iXeen 

1-4  and  1-.,  tons,  being  equivalent  to  a  recovery  of  about  70%  of  the  zinc 
contents  of  the  ore  (1899).  '  ne  zme 

Glendale  Works,  Carondelet  (South  St.  Louis)  Mo  — U  +h 
works  the  ore  treated  is  blende  and  calamine,  but  chiefly  the  former  The 
blende  is  crushed  to  pass  punched  steel  plates  with  slots  Jv  in  in  v‘  * 

It  is  roasted  in  hand-raked  kilns  with  five  hearths  whirl  *  .i"  iameter. 

lb.  of  raw  ore  per  21  hours,  yielding  13’?°° 

per  shift.  A  Brown  horseshoe  furnace  is  also  used  It  Ji  tV^  m°n 

II  to  12-5  tons  of  raw  orc  per  21  honrs,  roastin,  »  **£ 
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the  case  of  favorable  ores.  The  furnace  crew  consists  of  two  men  per  shift, 
one  of  whom  manages  the  furnace  and  the  other  wheels  coal,  ore  and  ashes. 
The  coal  which  is  burned  is  slack  of  inferior  quality;  about  66%%  of  the 
weight  of  the  raw  ore  is  required.  The  draught  for  the  furnace  is  furnished 
by  a  chimney  90  ft.  high  and  3X3  ft.  in  area  at  the  top. 

The  distillation  furnaces  are  direct-fired  Belgians  of  various  sizes  and 
designs,  according  to  their  date  of  construction.  Most  of  them  have  either 
224  retorts  (8X14  per  side)  or  256  (8X16  per  side).  The  charge  varies 
from  4-5  to  5-2  tons  of  ore,  besides  the  blue  powder  and  sweepings  from 
a  previous  day.  The  ore  is  mixed  with  about  50%  of  reduction  ma¬ 
terial,  which  is  a  mixture  of  coal  and  coke,  or  coal  and  cinder.  The  retorts 
are  cylindrical,  8  in.  in  diameter  inside  and  10*5  in.  outside.  About  3  ft. 
of  coal  is  carried  on  the  grates,  which  are  6-5  ft.X16  in.  The  temperature 
maintained  during  the  distillation  period  is  2300  to  2500°  F.  (1260  to 
1270°  C.).  The  coal  and  ore  are  conveyed  to  the  furnaces  by  means  of  a 
single-rail  overhead  tramway,  the  buckets  of  w'hich  are  pushed  by  hand. 

Lehigh  Works,  South  Bethlehem,  Pa. — The  production  of  spelter 
was  begun  at  these  works  in  1858.  In  1894  there  were  in  use  furnaces  with 
160  retorts,  arranged  in  four  rows  of  20  each  per  side,  and  280  retorts 
arranged  in  seven  rows  of  20  each.  Previously  all  the  furnaces  had  had 
seven  rows,  but  it  was  found  that  the  lower  had  to  be  butchered  in  order 
to  heat  the  upper  ones  properly,  wherefore  the  height  of  the  furnaces  was 
reduced.  All  these  furnaces  were  divided  into  four  sections  by  a  middle 
longitudinal  and  middle  transverse  wall.  Each  furnace  had  three  chimneys 
and  four  grates.  The  fuel  burned  on  the  latter  was  No.  2  buckwheat  an¬ 
thracite,  a  blast  equivalent  in  pressure  to  a  column  of  4  in.  of  water  being 
introduced  under  the  grate.  The  average  length  of  furnace  campaign  was 
said  to  be  about  2-5  years.  The  retorts  were  7  in.  in  diameter  inside  and 
50  in.  long.  The  ore  distilled  was  entirely  willemite,  averaging  about  50% 
Zn.  When  the  tenor  in  iron  and  manganese  was  less  than  11%  retorts 
would  last  about  35  days  on  the  average,  but  when  iron  and  manganese 
exceeded  11%  their  life  was  reduced  rapidly.  Anthracite  culm  was  employed 
for  reduction  material,  about  40%  of  the  weight  of  the  ore  being  used. 
The  recovery  of  zinc  was  about  82%,  the  retort  residues  assaying  6  to  7% 
Zn.  The  consumption  of  coal  for  heating  the  furnaces  was  about  2-25  tons 

per  ton  of  ore.  . 

Matthtessen  &  TTegeler  Works.  Lasalle,  III. — The  peculiar  type  of 
furnaces  used  at  these  works  has  been  described  in  a  previous  chapter.  The 
ore  smelted  is  chiefly  blende,  which  is  obtained  from  Kansas,  Missouri, 
Iowa  and  Wisconsin.  The  average  grade  is  about  57%  Zn  before  roasting 
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and  68%  Zn  after  roasting,  the  percentages  of  iron  being  about  2  and  2-2 
respectively.  The  ore  is  roasted  in  mechanically  raked  muffle  furnaces,  the 
sulphurous  gas  from  which  is  employed  for  the  manufacture  of  sulphuric 
acid.  The  ore  is  crushed  to  pass  a  2  mm.  round  hole  before  roasting.  The 
raw  ore  contains  29  to  30%  S,  which  i>  reduced  to  a  (tout  1*2%  in  the  roasted 
product.  The  roast  gases  contain  about  5%  SU3  by  volume.  The  roasted 
ore  is  mixed  mechanically  with  45  to  1G%  of  anthracite  culm  for  reduction 
material.  The  distillation  furnaces  are  run  without  prolongs  on  the  con¬ 
densers,  it  having  l**en  proved  by  experiment  that  the  saving  effected  with 
them  was  too  small  to  compensate  for  the  trouble.  The  retorts  are  made  of 
fire  clay  from  Cheltenham,  Mo.,  about  44%  raw  clay  and  56%  chamotte, 
ground  to  10  mesh  size,  being  used.  The  clay  is  crushed  in  a  roller  mill. 
The  batch  is  pugged  in  the  ordinary  manner,  after  which  it  is  allowed  to 
remain  in  a  heap  for  a  r-uitahlc  time,  and  then  is  pugged  again,  after  which 
the  retorts  are  molded  bv  means  of  an  augur  machine.  The  retorts  are 
cylindrical,  8-25  in.  in  diameter  inside  and  51  in.  long,  the  walls  being  1*25 
in.  thick.  The  condensers  are  21  in.  long.  An  hydraulic  press  plant  has 
recently  l>een  installed,  making  retorts  of  the  same  dimensions  as  before. 

Passaic  Works.  Jkhsey  City,  N.  .1. — At  these  works  the  distillation 
furnaces  have  21G  and  252  retorts,  the  former  number  arranged  in  six  rows 
of  18  each  per  side,  ami  the  latter  in  seven  rows  of  18  each.  These  fur¬ 
naces  are  fired  with  small  anthracite  coal.  Elliptical  retorts  are  used  in 
the  lower  four  rows  and  cylindrical  retorts  in  the  upper  rows.  The  average 
length  of  a  furnace  campaign  iH  about  two  years.  The  ore  smelted  is  New 
Jersey  willemite  together  with  calamine  from  Virginia.  The  charge  aver¬ 
age's  about  45%  Zn.  Owing  to  its  high  tenor  in  iron  and  manganese  retorts 
last  only  2G  or  27  days.  The  cylindrical  retorts  are  7  in.  in  diameter 
inside  and  54  in.  long,  the  walls  being  1-25  in.  thick  and  the  butts  2  in. 
thick;  the  elliptical  retorts  are  7X9  in-  inside  and  of  the  same  length  as 
the  cylindrical.  Both  kinds  are  made  of  about  50%  raw  clav,  and  50% 
chamotte  and  old  material.  Betorts  are  glazed  both  inside  and  outside. 
In  the  l>cst  practice  at  the  Passaic  works  a  saving  of  83  to  85%  of  the  zinc 
was  effected,  as  a  monthly  average,  but  the  general  average  was  not  so  high 
(1893). 
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Many  attempts  have  been  made  to  smelt  zinc  ore  in  the  blast  furnace,  a 
process  which  is  theoretically  possible  and  is  indicated  practically  by  the 
occasional  formation  of  metallic  zinc  as  a  by-product  in  smelting  zink- 
iferous  iron  and  lead  ores.  Any  one  who  is  interested  in  the  records  of  the 
occasional  and  accidental  formation  of  zinc  in  those  processes  can  find 
abundant  references  thereto  in  metallurgical  literature,  especially  in  works 
pertaining  to  lead  smelting  in  the  Lower  Harz,  iron  smelting  in  Upper 
Silesia,  and  the  manufacture  of  spiegeleisen  in  New  Jersey.  Experiments 
for  reducing  zinc  in  blast  furnaces  were  first  undertaken  by  Adrian  Muller 
at  Gladbach  in  18G1.  Furnaces  for  this  purpose  have  been  devised  by  A. 
Gillon  {Berg-u  JJuttenm.  Ztg.,  1881,  p.  G)  ;  L.  Kleeman  (German  patent. 
No.  14,497;  P.  Keil  (German  patent.  No.  15,992) ;  G.  Westmann  (German 
patent,  No.  19,127;  F.  Clerc  ( Berg-u .  Huitenm,  Ztg.,  1877,  p.  83;  Ding- 
ler’s  Polytech.  Journ.,  CCXXIV,  179;  Iron,  187G,  p.  581);  J.  Glaser 
(German  patent,  No.  48,449;  Dtngler’s  Polytech.  Journ.,  CC'LIV,  253); 
and  C.  Komarek  (Chem.  Ztg.,  1880,  p.  135).  Experiments  have  also 
been  made  by  Dyar,  Rochaz,  Shear,  Duelos,  Schmelzer,  Swindell,  Broo- 
mann.  Lencauchez,  Lesoinne  and  many  others.  All  these  have  been  fruit¬ 
less,  however,  and  it  is  not  worth  while  to  relate  them  here  in  detail. 

It  lias  been  found  by  all  investigators  of  this  subject  that  zinc  vapor 
mixed  with  a  large  percentage  of  carbon  monoxide  and  dioxide  and 
nitrogen  cannot  be  condensed  to  fluid  zinc,  the  metal  separating  invariably 
as  a  powder.  In  attempting  the  reduction  of  zinc  oxide  in  the  blast  fur¬ 
nace.  the  vapor  is  necessarily  diluted  largely  with  the  combustion  products 
of  the  fuel  and  the  inert  nitrogen  of  the  air  employed  for  its  combustion. 
The  gas  is  likely  to  be  further  diluted  by  the  excess  of  air  which  can  hardly 
he  avoided.  The  carbon  dioxide  gas  and  the  unconsumed  air  have  an  oxi- 
dizino’  effect  not  only  upon  the  zinc  vapor  but  also  upon  the  zinc  condensed 
in  fine  dust  form,  wherefore  the  product  that  is  obtained  is  bound  to  be  a 
mixture  of  fine  metallic  zinc  and  zinc  oxide,  unless  the  presence  of  these 
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oxidizing  gases  can  be  prevented.  By  the  employment  of  hot  air  and  an 
excess  of  fuel,  however,  and  taking  care  that  the  ore  shall  contain  neither 
water  nor  carbon  dioxide,  and  selecting  zinc  ore  free  from  oxides  of  iron 
(which  are  reduced  in  the  upper  part  of  the  furnace  by  carbon  monoxide, 
thus  producing  carbon  dioxide)  the  oxidation  of  zinc  can  be  considerably 
limited.  It  is  possible  therefore  to  produce  from  the  blast-furnace,  either 
zinc  oxide  or  blue  powder  containing  only  a  small  quantity  of  oxide,  ac¬ 
cording  to  the  conditions  established  in  the  furnace.  This  is  indeed  done 
practically  on  a  large  scale  in  smelting  zinkiferous  manganese  residues  for 
spiegeleisen  in  New  Jersey.  In  the  present  state  of  our  technical  know' 
edge,  nothing  more  can  lie  expected,  unless  the  proposals  to  smelt  under  pres¬ 
sure,  or  with  the  use  of  water  gas  as  reducing  agent,  which  have  lately  been 
made  and  will  be  referred  to  further  on,  lead  to  some  practical  result. 

The  production  of  zinc  powder  on  a  large  scale  in  the  blast  furnace  re¬ 
quires  great  care  in  the  prevention  of  oxidizing  influences,  not  only  to  pro¬ 
duce  it  as  such,  but  also  to  preserve  it.  The  metal  of  blue  powder  is  in 
such  an  excessively  fine  state  of  subdivision  that  it  is  extremely  susceptible 
to  oxidation,  so  much  so  as  to  be  explosive.  On  that  account  great  precau- 
t ion^  must  be  taken  in  its  production.  Only  a  few  years  ago  there  was  an 
explosion  of  blue  powder  in  the  condensers  connected  with  the  spiegeleisen 
furnaces  of  the  New  Jersey  Zinc  Co.,  at  Newark,  N.  J.,  which  resulted 
atally  to  one  or  more  laborers  who  were  working  at  it.  Great  care  must  he 
a  m  <\on  in  the  storage  of  blue  powder,  owing  to  its  liability  to  sponta¬ 
neous  combustion  because  of  the  large  quantity  of  air  that  is  held  in  its  inter¬ 
stices;  it  is  rated  by  fire  underwriters  as  a  specially  hazardous  risk  and  city 
ordmances  specify  that  it  may  be  stored  only  by  special  permit. 

e  oxi  a  ion  o  zinc  by  carbon  dioxide  was  studied  bv  Lencaueliez,  a  dis- 
le  ..  r<nC"  ( nginoer,1  who  found  that  zinc  was  still  oxidized  when 

vcrvPrZdrt,0nr°f  <nflT  di°Xide  WaS  °nly  0‘5?°  of  the  *as  employed.  By 

tion  oftLC°°  T  °f  !  e,gaSCS  Loncauchez  succeeded  in  reducing  the  oxida- 

Xded  IT  8-  !  88  5%’  but  aftpr  numerous  experiments  he  con- 

likely  to  be  on  Pr°JU  n°  PTn'b'n£  z,nc  orft  in  the  blast  furnace  was  not 
iik<  iy  to  be  commercially  successful. 

merges  into  theVl  r^',  pr°per  'n  the  blast  furnace  is  a  theme  which 

as  a  method  which  wouhl  ena/h^'11^  °f  luix(’(1  RulPhide  ores'  inasmuch 
zinc  ore  to  lie  effected  in  tl .  f  ’ '  &  8uccessful  distillation  of  a  high  grade 

san,e  manner,  or  a  modificatilnTfTt  7^  ^  applicable  in  ^ 

Hkmpei/r  Experiments— Tl  .  1  the  ro(lllctl011  of  a  mixed  ore* 

,  M  *  11  mos^  recent  and  perhaps  the  most  prom* 

M<*m.  Roc.  Tn^n.  Clvlla  1S77  -no. 

’  °  ’  ^roc*  Inst.  Civil  Engineers,  LI,  332. 
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ismg  experiments  on  the  smelting  of  zinc  ore  in  the  blast  furnace  were 
made  by  Professor  Walther  Hempel,1  who  showed  that  by  the  use  of  a  hot 
blast  it  is  possible  to  obtain  a  rich  zinc  fume  which  can  be  separated  from 
the  diluting  gases  of  combustion  by  means  of  centrifugal  force.  The  fume 
thus  obtained  is  capable  of  compression  into  a  very  small  volume,  in  which 
manner  it  can  be  protected  from  oxidation. 

Hempel  prepared  the  charge  for  his  furnace  by  heating  a  mixture  of  one 
part  zinc  oxide,  three  parts  of  coal  and  0-05  part  of  caustic  lime  in  a  retort, 
and  allowing  the  coked  mass  to  cool  with  exclusion  of  air.  The  blast  fur¬ 
nace  was  designed  like  a  Sefstrom  furnace  and  was  provided  with  an  iron 
stove  for  heating  the  blast.  The  gas  drawn  off  from  the  throat  of  the 
furnace  was  made  to  pass  through  an  iron  pipe,  in  which  it  was  cooled 
down  to  30  C.  T  lie  exhaustion  of  the  gas  from  the  furnace  and  the  sepa- 


Figs.  401  and  402.  Hempel's  Apparatus. 


ration  of  the  fume  was  effected  by  means  of  a  centrifugal  fan  which  is 
shown  diagrammatically  in  the  accompanying  engravings.  The  fan  wheel 
had  eight  blades  and  was  driven  at  1000  to  3000  r.  p.  m.  It  rotated  inside 
of  a  casing  C,  which  was  contained  inside  of  the  cylinder  .4.  The  casing 
was  open  at  the  bottom  but  closed  at  the  top,  while  the  cylinder  was  closed 
at  the  bottom  in  the  form  of  a  frustrum  of  a  cone  and  had  a  removable 
cover  a  at  the  top.  The  gas  entered  through  the  pipe  f  and  was  flung  by 
centrifugal  force  against  the  projections  of  the  casing  C,  whence  the  dust 
dropped  down  into  the  hopper  of  the  cylinder  A  and  settling  there  could  be 
removed  by  the  spout  c.  The  gases  escaping  through  the  pipe  e  were  passed 
through  a  bag-filtering  apparatus  in  which  any  zinc  dust  escaping  the  cen¬ 
trifugal  machine  was  collected.  The  percentage  of  carbon  dioxide,  which 
decreases  as  the  furnace  temperature  increases  and  amounts  to  less  than 
]  %  at  white  heat,  had  gone  down  to  0-7%  before  charging  the  furnace  and 

1  Berg-n.  niittenm.  Ztg.,  1803,  Nos.  41  and  42. 
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during  the  three  hours  that  the  distillation  lasted,  varied  between  1*8  and 
4 %  of  the  products  of  comhustion. 

The  zinc  fume  which  was  produced  assayed  72  to  !•<)%  Zn.  It  could  he 
reduced  by  a  pressure  of  30  atmospheres  to  13-3%  of  its  original  volume, 
to  10%  by  a  pressure  of  lot)  atmospheres  and  to  8-7  %  hv  a  pressure  of  200 
atmospheres.  Tin*  distillation  of  the  condensed  fume,  without  addition  <d 
carbon,  yielded  two  thirds  of  its  weight  in  the*  form  of  very  pure  spelter. 

In  treating  a  charge  in  the  blast  furnace  to  which  ferric  oxide  and  argen¬ 
tiferous  lead  had  been  added,  TTempel  obtained  a  fume  assaying  80%  Zn 
which  contained  the  whole  of  the  lead  and  the  silver  of  the  charge,  while 
the  iron  was  recovered  in  the  form  of  pig  and  the  gangue  was  fused  as  a 
slag  assaying  58*3%  SiO,,  10-4%  ALO.,.  8%  Fe.,0.,,  15%  CaO,  1%  Zn 
and  1-8%  S.  The  fume  after  compression  into  briquettes  was  distilled 
without  addition  of  carbon,  yielding  a  pure  spelter  to  the  amount  of  60-67% 


Figs.  403  and  404.  Hempel’s  Apparatus, 

of  its  original  weight  and  leaving  a  residue  in  the  retort  assaying  41-6% 
SiOj,  2-93%  Fe20a,  0-6%  Cat),  33-6%  Zn,  8-1%  S  and  1-05%  l‘bS+ 
Ag2S.  As  an  alternative  to  the  distillation,  Hempel  proposed  to  compress 
the  fume  into  anodes  for  electrolysis,  the  zinc  of  which  being  largely  in 
metallic  form  would  develop  a  considerable  quantity  of  electrical  energy  by 
its  solution,  so  that  only  a  low  current  tension  would  he  required. 

Proposed  Process  for  Mixed  Ores. — On  the  basis  of  these  experiments 
ITcmpel  proposed  a  method  for  the  treatment  of  mixed  ores,  sulphide  or 
oxidized.  The  ore  after  a  preliminary  roasting  or  calcination  is  to  be  sin¬ 
tered,  or  if  coking  coal  be  available,  mixed  therewith  without  previous  sin¬ 
tering  and  coked.  If  the  ore  be  high  in  iron,  the  oxides  of  iron  must  first 
be  reduced,  since  otherwise  zinc  vapor  would  be  reoxidized  bv  the  carbon 
dioxide  produced  in  the  upper  part  of  the  furnace.  The  manner  in  which 
this  reduction  is  to  be  effected  is  not  described  in  the  original  paper.  After 
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these  preliminary  treatments  the  ore  is  to  be  smelted  in  a  blast  furnace,  and 
the  fume  separated  from  the  gases  of  combustion  by  means  of  a  centrifugal 
apparatus  and  filtration  system,  the  pure  gas  from  the  latter  being  valuable 
as  a  fuel  gas  or  for  the  operation  of  gas  engines,  which  experience  in  the 
utilization  of  iron  blast  furnace  gas  has  shown  to  be  perfectly  feasible. 
The  gas  leaving  the  furnace  is  first  passed  through  iron  pipes  exposing 
sufficient  surface  to  cool  it  down  to  50°  C.  A  portion  of  the  fume  is 
deposited  in  the  pipes.  The  cool  gas  is  passed  through  a  series  of  cen¬ 
trifugal  machines,  in  which  nearly  the  whole  of  the  zinc  fume  will  be 
separated.  Instead  of  the  machines  illustrated  in  Figs.  401  and  402  it  is 
proposed  to  design  them  as  shown  in  the  Figs.  403  and  404.  These  fans 
will  be  driven  from  below  and  the  dust-laden  gas  will  be  introduced  at  the 
top.  I  f  the  speed  required  for  complete  separation  of  the  fume  be  found  to  be 
too  high,  the  fans  will  discharge  into  a  bag-filtering  system  to  separate  the 
last  of  the  fume. 

In  order  to  avoid  the  formation  of  zinc  oxide  the  blast  furnace  should  bo 
worked  so  that  the  tenor  of  C02  in  the  gas  should  not  exceed  4%.  The 
collected  zinc  fume  will  be  compressed  by  a  hydraulic  apparatus  into  cylin¬ 
drical  blocks  of  a  size  corresponding  to  the  retorts  of  the  distillation  furnace. 

HempeFs  process  has  not  yet  been  attempted  in  practice,  but  his  experi¬ 
ments  appear  to  have  been  made  in  a  careful  manner  and  their  results  de¬ 
serve  consideration.  Xo  data  were  given  as  to  the  amount  of  power  re¬ 
quired  to  drive  the  fan,  but  fans  of  large  size  are  obviously  required  to 
handle  the  great  volume  of  gas  that  would  be  produced  by  a  blast  furnace, 
and  in  driving  it  at  the  very  high  speed  proposed,  the  consumption  of  power 
would  necessarily  be  large. 

Lung witz’s  Proposal. — Doctor  Emil  E.  Lungwitz  lias  proposed  to  smelt 
zinc  ore  in  the  blast  furnace  under  a  pressure  higher  than  that  at  which 
the  metal  would  boil  at  the  temperature  attained  in  the  furnace.1  It  is 
well  known  that  the  boiling  point  of  a  liquid  depends  upon  the  pressure 
exerted  upon  it.  Sufficient  pressure  will  prevent  ebullition  of  a  liquid  even 
if  its  temperature  be  raised  considerably  beyond  its  boiling  point  under  ordi¬ 
nary  pressure.  In  order  to  prevent  volatilization,  therefore,  according  to 
Doctor  Lungwitz  it  is  only  necessary  to  maintain  a  sufficiently  high  pres¬ 
sure  in  the  furnace.  In  the  case  of  an  ore  containing  lead  and  zinc  oxides, 
the  zinc  would  volatilize  at  1200°  f\,  if  a  sufficient  pressure  were  not  ex¬ 
erted  to  raise  its  boiling  point  to  that  temperature.  Tie  states  that  from 
(be  result  of  bis  own  investigations  and  those  of  Doctor  Carl  Barns2  it  may 

i  mitod  States  patent.  No.  538,785.  May  7.  1895;  555.961.  March  10,  1896. 

’  Kulletln  of  the  United  States  Geological  Survey,  No.  54,  1889. 
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be  concluded  that  the  tension  of  zinc  vapor  at  that  temperature  would  be 
about  50  lb.;  at  1000°  C.  it  is  less  than  30  lb.  (two  atmospheres).  Doctor 
Lungwitz,  in  the  patents  referred  to  above,  described  a  furnace  for  carrying 
out  his  idea,  which  in  itself  is  undoubtedly  sound,  although  it  is  question¬ 
able  if  the  particular  furnace  outlined  for  the  purpose  would  be  satisfac¬ 
tory  in  practice. 


Acting  upon  the  above  idea,  Doctor  Robert  C.  Schiipphaus  described  in 
Joum.  Soc.  Chem.  Ind.,  Nov.  30,  1899,  p.  987,  a  series  of  experiments  as 
to  the  behavior  of  zinc  oxide  at  high  temperature  under  pressure.  An 
electric  furnace  with  a  cast  iron  melting  pot,  lined  with  fire  clay,  of  suffi¬ 
cient  strength  to  withstand  a  pressure  of  10  atmospheres,  was  used.  Jt 
was  found  that  the  reduction  of  zinc  oxide  by  carbon  began  at  a  tempera¬ 
ture  of  910°  C.  In  heating  charges  of  zinc  oxide  and  carbon  up  to  1150° 
C.  and  maintaining  a  pressure  in  excess  of  the  calculated  tension  of  zinc 
vapor  (two  atmospheres),  ingots  of  zinc  were  obtained  at  the  bottom  of  the 
crucible,  although  its  temperature  was  far  beyond  920°  C.,  the  boiling  point 
of  zinc  under  atmospheric  pressure.  This  method  of  smelting  is  suggested, 
among  other  things,  for  the  production  of  spelter  from  blue  powder. 

Other  Recent  Proposals. — Numerous  patents  are  taken  out  annually 
lor  processes  of  smelting  zinc  ore  in  the  blast  furnace;  it  is  scarcely  worth 
the  trouble  to  maintain  a  complete  list  of  them.  Some  of  the  more  recent 
proposals  are  as  follows : 

Armstrong's  Process— J.  Armstrong,  of  London,  England,  patented  a 

blast  furnace  for  smelting  zinc  ore  wherein  the  volatilized  metal  is  caused  to 

pass  through  incandescent  fuel  and  then  through  a  bath  of  molten  zinc 

maintained  at  a  temperature  a  little  above  the  melting  point.  The  furnace 

proposed  for  this  purpose  resembles  an  ordinary  circular  lead-smelting  blast 

furnace,  of  which  the  shaft  is  divided  down  to  the  bosh  into  a  central 

cylindrical  portion  and  an  annular  portion  surrounding  it,  the  tops  of  both 

being  capable  of  being  closed  tightly.  The  charge  of  calcined  ore  mixed 

with  reduction  material  is  fed  into  the  central  portion,  while  carbonaceous 

fuel  is  introduced  into  the  annular  portion  of  the  shaft.  The  two  columns 

m  descending  unite  in  the  bosh  of  the  furnace,  which  is  water-jacketed  in 

the  usual  manner.  The  products  of  combustion,  together  with  the  vela 

t.hzed  zinc,  are  taken  off  through  ports  in  the  side  of  the  annular  shaft  iZ 

above  the  water  jackets,  and  in  order  to  escape  must  pass  through  a*  bail  of 

molten  zinc  contained  in  a  trough  surrounding  the  furnace  wi,;'  i  a  „ 

traps  the  gas  outlet  of  the  latter.  There  are  tan'hls  1 

drawing  olT  the  condensed  zinc  when  the  latter  exceeds  the  1  -•°Ti' 

The  non-volatile  metals  are  reduced  and  together  with  tl>  '  /  <  '‘V0  - 

fe  “wr  witn  the  slag  run  down 
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into  the  crucible  of  the  furnace  below  the  level  of  the  tuyeres,  whence  they 
are  tapped  in  the  ordinary  manner.1 

1  n  a  subsequent  patent  Armstrong  proposes  to  collect  the  zinc  as  dust  in 
an  atmosphere  ot  carbon  monoxide  proceeding  from  the  furnace  by  passing 
the  gas  and  fume  through  a  column  of  incandescent  coke  and  thence 
through  cooled  pipes  to  a  closed  condenser  which  is  trapped  against  escape 
of  the  metallic  dust  by  means  of  a  seal  of  heavy  oil,  or  other  suitable  liquid. 
The  collected  dust  is  compressed  into  blocks  and  after  admixture  of  carbon 
is  distilled,  the  vapor  being  received  in  a  bath  of  liquid  metal  as  described 
in  British  patent  No.  3462  of  1900.'- 

Blenkinsop’s  Process. — G.  II.  Blenkinsop,  of  Swansea,  proposes  to 
smelt  zinc-lead  ores  in  blast  furnaces,  with  or  without  flux  and  using  a  hot 
blast,  taking  care  that  the  gases  drawn  off  from  the  throat  of  the  furnace 
are  always  at  a  temperature  above  that  at  which  zinc  vapor  condenses.  The 
volatilized  zinc  is  to  be  collected  in  suitable  condensing  chambers.3  There 
is  nothing  novel  or  useful  in  this  idea. 

Biewend’s  Process. — It.  II.  T.  Biewend  has  proposed  to  smelt  zinc  blende 
in  the  blast  furnace  and  effect  the  decomposition  by  means  of  iron,  added 
either  as  metal  or  as  oxide  charged  for  that  purpose.  Sufficient  fuel  is  to 
be  used  to  reduce  carbon  dioxide  to  monoxide.  The  zinc  vapor  is  to  be  con¬ 
ducted  at  a  temperature  of  800°  C.  into  condensers  filled  with  red-hot  coke, 
wherein  it  is  expected  that  it  will  be  condensed  in  liquid  form.  The  sul¬ 
phide  of  iron  produced  by  decomposition  of  the  blende,  together  with  the 
slag  arising  from  the  gangue  of  the  ore  and  suitable  fluxes,  is  to  be  tapped 
off  from  the  bottom  of  the  furnace.  The  iron  sulphide  can  be  reconverted 
into  ferric  oxide  by  calcination,  the  sulphurous  fumes  being  available  of 
course  for  the  manufacture  of  sulphuric  acid.4 

In  later  patents  Biewend  undertakes  to  circumvent  certain  of  the  prac¬ 
tical  difficulties  in  smelting  zinc  ore  in  the  blast  furnace,  which  have  been 
referred  to  in  the  early  part  of  this  chapter.  His  idea  is  to  enrich  the  vapor 
issuing  from  the  throat  of  the  furnace  by  revolatilization  of  dust  previously 
deposited.  The  process  comprises  the  use  of  condensers  filled  with  porous 
or  rough  bodies,  or  provided  with  other  devices  that  serve  to  dry-filter  the 
gases,  the  arrangement  being  such  that  the  gases  are  caused  by  suitable 
reversals  to  pass  alternately  in  opposite  directions  through  the  chambers. 
When  a  certain  quantity  of  dust  has  been  deposited  a  valve  is  operated  to 
reverse  the  direction  of  the  gases  in  their  passage  through  the  chamber. 


1  British  patent.  No.  3462.  Feb.  21,  1000; 
Journ.  Soc.  Chem.  Ind.,  April  30,  1901,  P- 
307. 

2  British  patent,  No.  11,339,  June  3,  1901. 


3  British  patent.  No.  8990,  April  8,  1897. 

«  German  patent.  No.  81,358,  August  7, 
1894  ;  Zts.  fur  angew.  Chem.,  1895,  p.  358. 
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The  gases  then  pass  at  their  highest  temperature  and  with  the  highest  per¬ 
centage  of  contained  zinc  into  that  part  of  the  chamber  which  has,  up  to 
now,  been  the  hindmost  part,  and  impinge  upon  the  dust  that  was  therein 
deposited,  and  act  to  revolatilize  it  and  by  agglomeration  with  fresh  globules 
of  zinc  to  convert  the  dust  into  drops.  Again,  after  a  certain  period  has 
elapsed,  there  will  be  deposited  at  the  other  end  of  the  chamber  a  sufficient 
quantity  of  zinc  dust  which  is  recovered  in  the  same  manner — that  is  to  say, 
by  again  reversing  the  gases,  namely,  by  causing  them  to  pass  again  in 
their  original  direction.  By  this  reversal  of  the  direction  of  flow  of  the 
current  of  gas  being  repeated  at  certain  intervals  of  time,  too  great  a  deposit 
of  dust  which  would  otherwise  choke  up  the  chamber  is  prevented,  and  the 
gases  are  also  enriched  by  means  of  the  dust  which  is  deposited  at  their  point 
of  entry  into  the  condenser.1 

Biewend’s  process  has  not  yet  found  practical  application. 

Nagel’s  Process. — Oskar  Nagel,  of  New  York,  reports  that  he  has  found 
in  his  experiments  that  zinc  vapor  diluted  with  nitrogen  will  always  con¬ 
dense  to  dust  instead  of  to  liquid  metal,  and,  moreover,  that  if  in  addition 
to  the  inert  gas  there  lx*  present  oxidizing  agents,  such  as  carbon  dioxide, 
a  corresponding  part  of  the  dust  will  be  immediately  oxidized.  If  inert 
and  oxidizing  gases  be  excluded  from  the  furnace  the  zinc  vapor  may  be 
condensed  to  spelter.  To  meet  this  condition  he  has  devised  the  process 
which  consists  in  distilling  ore  mixed  with  coal  in  an  atmosphere  of  water 
gas,  this  being  an  active  reducing  agent,  preferably  heated  before  being  in¬ 
troduced  into  the  furnace,  thereby  doing  away  with  the  necessity  of  using 
other  fuel.  The  coal  mixed  with  the  ore  is  employed  only  for  the  purpose 
of  reducing  any  gases  which  may  become  oxidized  by  the  reduction  of  the 
zinc  oxide.  It  is  claimed  that  zinc  vapor  can  thus  be  obtained  in  as  con¬ 
centrated  condition  as  in  the  ordinary  process  of  distillation,  and  condensa¬ 
tion  to  spelter  can  be  readily  effected,  a  yield  of  00  to  95%  of  zinc  being 
obtainable. 

The  water  gas,  which  contains  approximately  equal  volumes  of  carbon 
monoxide  and  hydrogen,  having  been  prepared  by  well  known  methods,  it 
is  heated  in  ovens  by  means  of  the  waste  reduction  gases  coming  from  the 
condensation  apparatus.  The  water  gas  is  preferably  forced  into  the  fur¬ 
nace  by  means  of  a  blower.  The  furnace  in  which  the  reduction  is  effected 
may  be  const ructed  similarly  to  flic  ordinary  blast  furnace  for  lead  smelt¬ 
ing.  or  upon  the  lines  of  furnaces  used  for  distilling  mercury.  Tt  should 

1  British  patent.  No.  30.1 !»?,  Dor.  31,  1800.  proeddfa  ronnufl,”  by  n.  jj.  Biewond  Jh 
•*rror<W  do  fabrication  du  zlnr  an  rnoyen  Hour  Sclent!  fique,  February,  1808  d  18o°n~ 
dos  gaz  zlnclf^res,  et  son  application  aux  9  * 
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bo  provided  with  the  usual  charging  hopper  and  with  a  slag  tap  at  the 
bottom.  The  tuyeres  should  ho  located  about  one  third  of  the  height  of 
the  furnace  from  the  bottom.  A  firebrick  lined  flue  leads  out  of  the  furnace 
near  its  top,  through  which  the  vapor  is  conveyed  to  the  condensation  ap¬ 
paratus.  With  a  furnace  of  capacity  for  25  tons  of  zinc  oxide  per  24 
hours,  about  five  tons  will  bo  reduced  in  four  and  a  hall  to  five  hours,  the 
water  gas  being  introduced  at  temperature  of  about  1000°  C.  It  is  said 
that  in  practice  it  is  found  that  1*5  tons  of  water  gas  containing  T4  tons 
of  carbon  monoxide  and  0*1  ton  of  hydrogen,  occupying  a  bulk  of  10,115 
cu.  m.  at  1000°  C.,  will  be  sufficient  for  the  reduction  of  8-1  tons  of  zinc 
oxide.1 

Production  of  Zinc  Oxide  in  Blast  Furnaces. — The  production  of 
zinc  oxide  in  blast  furnaces  is  accomplished  more  easily  than  the  production 
of  metallic  zinc,  but  for  this  purpose  a  grate  kiln  like  that  of  Wetherill, 
which  is  described  in  Chapter  XIX,  has  been  found  practically  to  he  pro- 
ferable  to  a  shaft  furnace.  The  residue  of  the  ore  burned  in  such  kilns  is 
smelted  in  a  blast  furnace  by  a  subsequent  operation.  Ellershausen  has  suc¬ 
ceeded,  however,  in  effecting  the  volatilization  of  the  zinc  and  the  smelting 
of  the  residue  in  one  operation  in  a  blast  furnace. 

In  producing  zinc  oxide  in  a  shaft  furnace,  its  formation  is  promoted  by 
blowing  an  excess  of  air  into  the  furnace,  so  as  not  only  to  insure  the 
presence  of  an  ample  supply  of  free  oxygen  with  which  to  burn  the  reduced 
zinc,  but  also  to  effect  complete  combustion  of  the  coal  so  that  the  powerful 
oxidizing  agent,  carbon  dioxide,  will  be  produced  instead  of  carbon  mo¬ 
noxide.  The  formation  of  carbon  dioxide  is  promoted,  moreover,  when  the 
ore  contains  ferric  oxide,  which  is  reduced  by  carbon  monoxide  with  the 
formation  of  carbon  dioxide.  Tnder  such  conditions  the  zinc  reduced  by 
carbon  and  carbon  monoxide  in  the  lower  part  of  the  furnace  is  oxidized 
bv  carbon  dioxide  and  excess  of  air  in  the  upper  part.  Such  a  smelting  is 
naturally  effected  best  in  a  low  furnace  with  a  light  column  of  charge. 
That  it  can  be  done  successfully  has  been  demonstrated  by  the  experience  of 
F.  L.  Bartlett  at  Canon  City,  Colo.,  and  by  F.  Ellershausen  at  xVngouleme 
in  France. 

1  United  States  patent,  No.  G99,9G9,  May  13,  1902. 
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MANUFACTURE  OF  ZIXC  DUST,  ZINC  WHITE,  ZINC  SULPHATE 

AND  ZINC  CHLORIDE. 

The  chief  forms  in  which  zinc  is  prepared  for  market,  otherwise  than  as 
spelter,  are  zinc  gray,  zinc  white,  zinc  sulphate,  zinc  sulphide  (lithophone) 
and  zinc  chloride.  Zinc  white  and  zinc  sulphate  are  made  either  from 
spelter  or  directly  from  zinky  by-products  and  ores ;  the  methods  employed 
in  their  manufacture  from  ores  are  of  great  interest  to  the  zinc  metallurgist. 
Zinc  chloride  is  commonly  made  from  spelter  or  sheet  zinc  scrap.  Lith¬ 
ophone  is  made  indirectly  from  ores  through  the  intermediary  product  of 
zinc  sulphate.  Zinc  dust  is  a  between-product  formed  unavoidably  in  the 
smelting  for  spelter. 


Zinc  Dust. 

The  product  which  is  known  in  commerce  under  the  name  of  zinc  dust  is 
the  blue  powder  of  the  smelters  5  it  is  also  known  as  indigo  auxiliary.  Al¬ 
though  e\  ery  zing  smeltery  makes  it  as  an  unw'elcome  but  unavoidable 
between-product,  it  is  only  in  Europe  that  it  is  prepared  especially  for  sale, 
and  the  American  requirements  of  the  article  are  supplied  from  abroad! 
The  method  of  preparation  is  extremely  simple,  consisting  merely  in  col¬ 
lecting  the  blue  powder  from  the  prolongs,  as  free  from  admixture  with 
foreign  material  as  is  possible,  and  sifting  it.  Since  its  value  is  dependent 
upon  its  tenor  in  metallic  zinc,  and  is  deteriorated  by  the  presence  of  zinc 
oxide,  it  is  essential  in  preparing  it  for  market  to  manage  the  distillation 
and  condensation  of  the  zinc  so  that  there  will  be  the  least  possible  forma¬ 
tion  of  oxide.  The  market  standard  is  a  tenor  of  at  least  90%  metallic 
zinc. 

Zinc  dust  is  produced  by  numerous  works  in  Upper  Silesia,  Westphalia 
Rheinland  and  Belgium.  There  are  no  complete  statistics  as  to  the  total 
production.  The  make  of  the  works  in  Upper  Silesia  was  1093  metric 
tons  m  1896  ;  993  in  1897;  886  in  1898;  913  in  1899,  and  1 179  in  Tm 
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Its  selling  price  at  Breslau  is  about  90  to  95%  of  the  price  of  spelter,  but 
in  the  United  States  it  commands  a  premium  over  the  price  of  ordinary 
spelter,  although  by  a  decision  of  the  United  States  General  Appraisers  at 
Xevv  York,  August  6,  1900,  the  article  is  admitted  into  the  United  States 
as  a  crude  material,  duty  free.  Zinc  dust  is  marketed  in  the  United 
States  in  kegs  containing  500  lb.  and  barrels  containing  1500  lb.  Its  value 
at  New  York  in  April,  1901,  was  6-75c.  per  lb.  The  price  of  zinc  dust 
fluctuates  more  or  less  according  to  the  price  of  spelter,  but  is  affected 
also  by  the  demand  and  the  ability  to  obtain  storage  for  it,  which  in  New 
York  and  other  cities  is  governed  by  municipal  ordinances  and  the  regula¬ 
tions  of  fire  insurance  companies.  The  danger  of  explosion  of  zinc  dust 
was  referred  to  in  Chapter  XV  III. 

A  system  for  collecting  in  the  form  of  dust  the  entire  quantity  of  zinc 
distilled  from  a  charge  was  recently  patented  by  George  G.  (  on\ ers  and 
Arthur  B.  l)e  Saulles,  of  South  Bethlehem,  Penn.1  This  consists  in  the 
use  of  a  distillation  furnace  having  a  single  combustion  chamber,  in  which 
the  retorts  set  horizontally.  The  retorts  are  open  at  each  end.  One  end, 
being  that  through  which  the  charge  is  introduced,  is  luted  up  tightly  dur¬ 
ing  the  distillation;  the  other  end  communicates,  by  means  of  a  nipple, 
with  a  vertical,  sheet  iron  canister,  which  acts  as  the  condenser.  In  the 
front  of  the  condenser  there  is  a  hole,  closed  ordinarily  by  means  of  a  slide, 
which  corresponds  in  position  with  the  hole  communicating  with  the  retort. 
During  the  period  of  the  distillation  when  the  blue  powder  is  likely  to  be 
contaminated  largely  with  oxide,  namely,  at  the  beginning  and  the  end,  a 
small  sheet  iron  cone  is  passed  through  the  opening  in  the  front  of  the 
condenser  and  connected  with  the  nipple  of  the  retort.  This  catches  the 
zinc  oxide  separately.  As  soon  as  the  color  of  the  deposit  at  the  outer  end 
of  the  cone  indicates  the  deposition  of  blue  powder,  the  cone  is  removed  and 
the  slide  in  the  front  of  the  condenser  is  closed.  The  drawings  accom¬ 
panying  the  patent  specifications  show  this  type  of  condenser  and  form 
.  of  furnace  construction  adapted  to  a  furnace  with  one  row  of  retorts,  and 
to  another  with  several  rows.  The  size  of  the  condenser  depends  natur¬ 
ally  upon  the  richness  of  the  charge  and  the  volume  of  vapor  to  be  passed 
into  it.  According  to  the  inventors,  a  condenser  4  ft.  in  height  and  2  ft. 
in  diameter  will  collect  260  lb.  of  zinc  dust  per  24  hours.  The  tempera¬ 
ture  maintained  in  the  condenser  is  from  320  to  415  C. 

Zinc  dust  is  employed  chiefly  as  a  reducing  agent  in  indigo  dyeing,  and  to 
a  less  extent  finds  use  in  the  manufacture  of  paint,  especially  for  covering 
iron  work,  and  as  a  substitute  for  zinc  shavings  in  the  precipitation  of  gold 
1  Tnited  States  patent,  Xo.  605,376,  March  11,  1902. 
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from  the  solutions  obtained  in  the  cyanide  process,  about  «0  g.  of  zinc 
dust  being  required  for  each  ounce  of  gold  to  he  predated. 

Zinc  White  (Zinc  Oxide). 

In  Europe  this  valuable  substance,  which  is  by  far  the  most  important  of 
the  compounds  of  zinc,  is  made  exclusively  by  the  oxidation  of  suiter  i 
the  United  States  a  little  is  made  in  that  manner,  but  the  more  par  o 
large  production  is  derived  directly  from  ore.  Kecently  a  large  export  trade 
in  the  product  thus  prepared  has  been  established.  One  of  the  most  impor¬ 
tant  recent  developments  in  the  American  zinc  ini  us  n  ins  >u 
markable  increase  in  the  production  of  zinc  oxide.  I  is  said  that  «ns 
been  partly  absorbed  by  an  increased  consumption  in  lie  rubber  trade,  l  . 
oxide  being  an  important  ingredient  in  the  compounding  of  rubber l  has 
partly  been  exported,  there  being  a  growing  foreign  trade  in  tbeAmcnc^ 
product;  but  notwithstanding  those  demands  it  must  have  gained  grc. 
headway  in  the  domestic  paint  trade  in  competition  with  the  othe ^  white 
pigments,  especially  white  lead,  which  appears  to  be  gradually  falling  into 
disfavor  as  a  pigment  when  used  unmixed  with  other  substances. 

The  merits  of  zinc  white  as  a  pigment  were  summarized  by ^  Maxim ihan 
Toeh  in  a  paper  recently  read  before  the  New  Nork  Section  of  the  So  ety 
of  Chemical  Industry.*  He  stated  that  the  consumption  of  white  lead  is 
decreasing  and  that  it  should  not  be  used  alone.  The  spedfications  of  he 
United  States  Lighthouse  Department  demand  a  mixture  of  ,.>%  o  - 
oxide  and  25%  of  white  lead.  Zinc  white  mixes  well  with  other  pigments, 
particularly  with  white  lead.  Zinc  oxide  made  directly  from  ore  is  more 
durable  than  that  made  by  burning  spelter,  and  on  a  very  large  surface  the 
difference  in  whiteness  is  soon  apparent.  Zinc  oxide  as  the  drying  progresses 
becomes  very  hard  and  brittle,  this  being  more  the  case  with  oxide  made 
from  spelter  than  with  that  made  directly  from  ore.  This  is  overcome  by 
treating  the  linseed  oil  with  0-33%  of  litharge  before  mixing  with  the  zinc 
white,  a  flexible  drying  paint  being  thus  produced,  which  is  essential  in  the 
manufacture  of  oilcloth.  Zinc  oxide  is  not  affected  hv  hydrogen  sulphide, 
which  gives  it  a  superior  advantage  for  the  painting  of  the  interiors  of 
buildings.  It  is  less  absorbent  than  other  paints,  and  can  he  washed.  On 
outside  walls  it  well  withstands  the  action  of  the  atmosphere  when  used  to 
the  extent  of  50%  in  admixture  with  white  lead  and  barium  sulphate. 

Manufacture  Direct  from  Ore. — Zinc  oxide  is  manufactured  in  the 
United  Slates  almost  exclusively  by  the  Wether  ill  process.  There  are  four 

t  The  Mineral  Industry,  VIII.  047. 

*  Journ.  Soc.  Chem.  Ind..  Jan.  31,  1002,  p.  102. 
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works  engaged  in  the  business  in  New  Jersey  and  Pennsylvania,  all  of  which 
are  operated  by  the  New  Jersey  Zinc  Co.,  and  one  at  Mineral  Point,  Wis. 
opeiated  by  the  Mineral  Point  Zinc  Co.,  which  is  affiliated  with  the  New 
'  om‘\  Zinc  (  o.  Page  &  Krause,  of  St.  Louis,  make  about  500  tons  of 
zine  oxide  per  annum,  and  the  Standard  Oil  Co.  recovers  a  little  as  a  by¬ 
product  at  \\  illiamsburg,  Brooklyn,  N.  Y.  The  only  other  producers  in  the 
1  uited  States  are  the  American  Zinc-Lead  Co.,  of  Canon  City,  Colo.,  which 
makes  a  zinc-lead  pigment,  and  the  Rcnfrow  Paint  Co.  and  Ozark  Zinc 
Oxide  Co.,  of  Joplin,  Mo.,  which  employ  the  calamine  of  that  district. 

1  he  M  etherill  process  is  one  of  the  most  important  contributions  that 
America  has  made  to  the  metallurgy  of  zine.  It  was  introduced  as  early  as 
1856,  but  remains  essentially  the  same  to-day  as  it  was  forty  years  ago,  and 
since  twenty  years  at  least  there  has  been  no  important  metallurgical  change 
in  it.  There  has  been,  however,  in  New  Jersey  and  Pennsylvania,  a  radical 
industrial  innovation  in  the  character  of  the  ore  sent  to  the  oxide  furnaces, 
which  was  brought  about  by  the  Wetherill  process  for  the  separation  of 
franklinite  and  willemite.  In  making  zinc  oxide  by  this  method  from 
blende  the  latter  is  first  roasted.  When  the  oxidization  of  the  sulphides  and 
the  volatilization  is  performed  in  the  same  furnace,  as  in  the  Bartlett 
process,  the  fume  contains  sulphates  and  complex  sulphur  compounds.  Zinc 
oxide  used  to  be  made  from  roasted  blende  at  Bergenpoint,  N.  J.  (the  ore 
being  obtained  from  Pennsylvania)  and  is  now  so  made  at  Mineral  Point, 
Wis.  In  Europe  this  process  has  not  found  any  important  application. 

The  Wetherill  process  of  making  zinc  oxide,  as  practiced  in  New  Jersey 
and  Pennsylvania,  consists  essentially  in  the  reduction  and  distillation  of 
the  zinc  contents  of  an  oxidized  ore,  mixed  with  a  certain  quantity  of  an¬ 
thracite  as  reducing  agent  and  spread  over  a  layer  of  fine  anthracite,  which 
is  burned  with  the  aid  of  an  underblast  on  a  perforated  grate  and  furnishes 
the  heat  for  the  reduction.  The  volatilized  zinc  vapor  is  immediately  oxi¬ 
dized,  and  together  with  the  gases  of  combustion  is  drawn  from  the  fur¬ 
naces,  cooled  in  a  properly  designed  system  of  flues  and  chambers,  and 
finally  passed  into  a  series  of  muslin  bags,  through  which  the  gases  of  com¬ 
bustion  escape  while  the  condensed  zinc  oxide  collects  inside,  whence  it  is  re¬ 
moved  at  proper  intervals.  This  system  of  fume  filtration  is  the  prototype 
after  which  the  Lewis  &  Bartlett  method  of  manufacturing  load  pigment, 
the  F.  L.  Bartlett  process  of  making  zinc-lead  pigment,  and  the  system  of 
condensing  lead  fume  escaping  from  the  blast  furnaces,  which  is  emp  oao< 
at  the  Globe  plant  of  the  American  Smelting  &  Refining  Co.,  and  at  the 
Alton  works  of  the  Federal  Lead  Co.,  have  all  been  designed. 

Wetherill  Furnaces.— The  Wetherill  furnaces  are  simple  kilns  of  brick. 
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with  arched  roofs  and  suitable  working  doors  in  each  end,  and  a  grate  area 
of  4X10  ft.  per  kiln.  The  grate  is  composed  of  flat  cast  iron  bars  5  ft.  long, 
G  in.  wide  and  1  to  1*5  in.  thick,  perforated  by  tapering  holes  of  1  in.  diam¬ 
eter  on  the  lower  side  of  the  bar  and  0-25  to  0-40  in.  on  the  upper,  which 
holes  are  made  as  closely  together  as  can  be  done  without  taking  away  too 
much  from  the  strength  of  the  bar.  Generally  there  are  about  100  holes  per 
square  foot.  The  bars  rest  on  bearers  set  crosswise  into  the  side  walls  of 
the  furnace,  a  single  kiln  requiring  1G  bars.  The  arch  of  the  roof,  which 
has  a  4  ft.  span,  begins  10  in.  above  the  grate  and  rises  to  a  height  of  about 
3  ft.  above  the  latter.  Below  the  grate  there  is  an  ash  pit  20  in.  deep 
which  is  closed  by  iron  doors.  The  ash  pit  is  connected  with  an  air  flue. 


Fig.  405.  Arrangement  of  Plant  for  Making  Zinc  White. 

Longitudinal  elevation. 


extending  longitudinally  under  the  block  of  furnaces,  from  which  branches 
lead  upward  in  tbe  walls  dividing  tbe  various  asb  pits;  each  branch  flue  is 
provided  with  an  adjustable  gate  for  regulation  of  tbe  air  supply,  which  is 
furnished  by  centrifugal  fans.  The  air  (cold)  is  blown  in  at  a  pressure  of 
from  2  to  4  in.  of  water  (MG  to  2-31  oz.).  There  is  an  opening  in  the 
roof  arch  of  the  furnace  for  the  escape  of  tbe  fume  and  tbe  products  of 
combustion.  The  older  furnaces  had  a  single  opening.  12X12  in.,  com¬ 
municating  with  a  longitudinal  main  flue,  built  on  the  top  of  the  block: 
the  later  furnaces  have  two  openings,  through  which  the  gas  is  conducted 
by  means  of  pipes  to  a  main  as  shown  in  Figs.  405  and  400.  Both  the  front 
and  back  walls  of  the  furnace  have  an  opening  above  tbe  grate  for  charmer 
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and  discharging,  which  opening  is  closed  either  by  an  iron  doof>  or  by  piling 
m  it  a  bank  of  wet  ashes;  for  the  latter  purpose  a  shelf  about  80  in.  wide 
piojoc  s  out  from  the  furnace  on  a  level  with  the  grate  bars.  The  front 
opening  is  commonly  a  semi-circular  arch  the  full  width  of  the  furnace  or 
nearly  so.  A  scries  of  sis  furnaces  is  usually  built  in  a  row,  the  parting 
wall  between  adjacent  furnaces  being  common  to  both  of  them-  it  was 
formerly  customary  to  build  18  furnaces  in  a  block,  i.e„  two  rows  of  sis 


Figs.  406  and  407.  Arrangement  of  Plant  for  Making  Zinc  White. 


Fig.  400 :  Longitudinal  elevation.  Fig.  407 :  Plan.  Fig.  40G  is  a  continuation  of  Fig. 
405,  Joining  on  the  line  XY. 


each,  the  two  rows  being  set  back  to  hack,  under  which  arrangement  each 
furnace  was  3*5X6  ft.  in  size  and  wras  of  course  charged  only  from  one  end. 
Tn  later  constructions  the  middle  parting  wall  was  left  out,  making  six 
furnaces,  3*5X12  ft.,  which  dimensions  were  subsequently  modified  to 
4X16  ft.  At  Palmerton,  however,  the  furnaces  have  been  installed  back  to 
hack  in  blocks  of  twelve. 

The  Palmerton  plant  has  24  blocks  of  12  furnaces  each,  a  total  of  288 
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furnaces,  wlfich  are  installed  in  a  building  50  ft.  wide  and  1260  ft.  long. 
The  furnace  house  is  constructed  entirely  of  iron  and  steel.  The  working 
lloor  is  10  ft.  above  the  ground  level,  enabling  the  residuum  drawn  from 
the  furnaces  to  be  dropped  into  hoppers  below  the  floor,  whence  it  is  received 
in  steel  cars,  which  are  trammed  by  locomotives  to  the  spiegeleisen  blast 
furnaces.  Each  block  of  oxide  furnaces  is  an  independent  unit.  The  blow- 
cis  are  situated  in  separate  houses,  of  which  there  is  one  for  every  two 
blocks,  each  house  containing  two  blowers,  which  are  driven  electrically  by 
directly  connected  motors.  The  elevation  of  the  working  floor  is  an  im¬ 
plement  over  the  arrangement  of  the  older  works,  wherein  the  furnaces 
were  set  directly  on  the  ground  level. 

Method  of  Operation—  In  the  operation  of  the  furnaces  the  heap  of  ashes 
closing  the  front  door  is  removed  after  a  charge  of  ore  has  been  worked  off 
and  is  thrown  to  one  side  for  use  again.  The  residuum  from  the  charge, 
which  is  in  the  form  of  a  more  or  less  solid  clinker,  covering  the  whole  sur- 


Gas  Main 


Fig.  408.  Arrangement 
of  Plant  for  Making 
Zinc  White. 

Transverse  section  through 
furnace. 


face  of  the  grate,  is  then  barred  up  and  raked  out  through  the  doors.  This 
manganilerous  residuum  goes  to  the  blast  furnaces  for  smelting  to  spiegel¬ 
eisen.  The  grate  having  been  cleaned,  a  layer  of  anthracite,  nut  size,  is 
spread  evenly  over  it,  about  1  in.  deep.  The  doors  are  then  partly  closed 

:;'  h  Vla\Cf  °f  sh*f  iron'  and  a  Kgto  Mast  is  admitted  through  the  ash  pit. 

he  coal  is  quickly  ignited  by  the  heat  retained  in  the  brick  walls  of  the 
furnace  from  the  previous  charge.  When  it  is  burning  in  all  parts  a  mix- 
fine  of  crushed  ore  with  about  half  its  weight  of  anthracite  is  thrown  in 
ami  spread  in  a  layer  5  to  7  in.  thick.  The  charge  of  ore  and  coal  is  always 
moistened  slightly  before  throwing  into  the  furnace.  The  doors  at  each 
end  are  then  closed  and  the  blast  is  gradually  increased  to  the  maximum  re¬ 
quired.  About  six  hours  are  needed  to  exhaust  the  charge.  One  nmn  of 
ends  to  a  block  of  six  double  furnaces  and  charges  them  one  after  tl  *  «. 
at  intervals  of  one  hour.  In  this  manner  the  heat  ^f  thP  e  ^ V  !  I 

0,W  parts  of  t1"'  h  ^  Ter?  ™w„,.  Thc  ashcs™d“l;^ 
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from  below  the  grate  once  in  twenty-four  hours.  The  ore  charge  for  a 
single  furnace  is  about  250  lb. ;  for  a  double  furnace  about  500  lb. 

Collection  of  the  Fume.— The  fume  escaping  through  the  flue  in  the  top 
oi  the  arch  passes  into  pipes  extending  longitudinally  over  the  series  of 
urnaces,  which  converge  into  one  common  pipe,  leading  to  a  brick  tower 
where  the  heavy  particles  of  asli  carried  along  by  the  blast  settle.  A  further 
quantity  of  ash  is  separated  in  a  second  tower.  The  purified  fume  is  then  * 
blown  by  a  fan  into  a  large  room,  where  it  cools  somewhat,  with  of  course  a 
further  deposition  of  suspended  material;  from  the  floor  of  this  room  some 
marketable  oxide  is  collected.  The  cooled  fume  goes  then  to  the  bag  rooms. 
Hie  general  arrangement  of  the  furnaces,  towers,  cooling-room  and  bag- 
room  at  the  Lehigh  works  at  South  Bethlehem,  Penn.,  is  shown  in  the  ac¬ 
companying  engravings.  The  second  tower  is  70  ft.  high  and  about  25  ft. 
in  diameter  at  the  bottom. 

The  temperature  of  the  collecting  flues  is  so  high  and  the  excess  of  air 
biown  into  the  furnace  is  so  great  that  any  particles  of  coal  blown  into  the 
flues  with  the  gases  are  burned  instantly  and  no  trouble  is  experienced  from 
their  effect  on  the  oxide.  Formerly  the  furnaces  were  designed  so  that  the 
gaK“*  might  be  discharged  either  into  the  oxide  flue  or  into  a  chimney  at 
will,  and  the  practice  obtained  of  only  turning  the  gases  into  the  oxide 
flue  when  the  zinc  flame  made  its  appearance,  but  experience  showed  that 
there  was  no  danger  in  discharging  into  the  oxide  flue  from  the  beginning 
and  this  is  now  done  commonly.  A  good  deal  of  care  is  required  on  the 
part  of  the  men  operating  the  furnaces,  especially  with  respect  to  regulation 
of  the  air  supply  and  closing  blow  holes  in  the  charge  so  that  the  air  must 
pass  through  as  uniformly  as  possible. 

The  bag  rooms  are  designed  with  a  series  of  iron  pipes,  running  hori¬ 
zontally  under  the  roof,  with  outlet  tees  at  regular  intervals  from^which 
muslin  bags  are  hung.  The  latter  are  30  to  40  ft.  long  and  2  ft.  in  diameter. 

It  is  reckoned  that  200  sq.  ft.  of  bag  surface  is  required  for  1  sq.  ft.  of  grate. 

The  bottom  of  the  bag  is  tied  up  by  a  cord,  or  simply  by  twisting,  so  that  it 
may  be  easily  opened  for  removal  of  the  oxide,  which  is  done  by  shaking 
night  and  morning.  After  collection  from  the  bags  the  oxide  is  sometimes 
dried  in  kilns  to  expel  the  slight  amount  of  moisture  which  it  absorbs  from 
the  furnace  gases,  and  is  then  bolted  to  remove  fibers  of  cloth  and  any  other 
foreign  matter  that  may  have  been  derived  from  the  pipes  and  bags.  It 
is  finally  packed  for  shipment  in  barrels  holding  300  lb. 

At  the  Palmerton  works,  where  there  are  24  blocks  of  oxide  furnaces 
(12  furnaces  per  block),  there  arc  four  bag  rooms,  which  have  a  combined 
floor  area  of  nearly  two  acres  and  contain  over  27  miles  of  bags,  the  latter 
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having  a  total  surface  of  about  350,000  sq.  ft.  The  gas  laden  with  zinc 
oxide  fume  is  sucked  from  the  furnaces  through  the  settling  towers  by 
means  of  eight  exhaust  fans,  each  driven  by  its  own  motor.  The  bag  rooms 
are  arranged  on  three  sides  of  a  rectangle,  the  fourth  side  of  which  is  occu¬ 
pied  by  the  packing-room.  The  latter  is  62  ft.  wide  and  143  ft.  long,  four 
stories  high.  The  first  and  fourth  floors  are  employed  for  the  storage  of 
unpacked  oxide,  which  is  lifted  by  means  of  an  electric  elevator  from  the 
ground  floor  to  the  top  of  the  building.  Thence  it  is  fed  through  chutes  to 
bolting  machines  on  the  third  floor,  and  from  them  goes  to  packing  machines 
on  the  second  floor.  The  barreled  oxide  is  delivered  on  platforms  at  the 
end  of  the  building,  whence  it  is  taken  to  the  storehouses,  which  have  a 
floor  area  of  63,000  sq.  ft.  and  a  capacity  for  9,000,000  11).  of  oxide.  Bags 
are  sewed  and  cleaned  on  the  third  floor  of  the  packing  house.  Connected 
with  the  latter  is  a  barrel  factory,  82X160  ft. 

Difficulties  in  the  Process. — While  the  Wetherill  oxide  process  is  appar¬ 
ently  so  simple  it  is  not  free  from  difficulties.  Slight  and  frequently  ob¬ 
scure  irregularities  may  affect  the  color  of  the  product.  Changes  in  the 
character  of  the  ore  may  necessitate  different  conditions  of  heat  and  air 
supply,  which  have  to  be  studied  carefully.  All  the  volatile  constituents  of 
the  ore  pass  into  the  oxide,  which  is  found  to  contain  traces  of  sulphur, 
arsenic,  antimony,  cadmium  and  weighable  quantities  of  lead,  iron,  man¬ 
ganese,  lime  and  magnesia.  These  may  or  may  not  affect  the  color  of  the 
product,  which  is  also  dependent  upon  the  physical  conditions  under  which 
it  w'as  volatilized,  oxidized  and  condensed  as  well  as  upon  its  chemical  com¬ 
position.  A  certain  definite  relation  between  the  volume  of  the  gas,  the 
quantity  of  zinc  oxide  it  contains,  and  the  dimension  of  the  flues  must  be 
preserved.  The  heat  is  controlled  by  varying  the  proportion  of  coal  in  the 
charge,  but  this  must  also  be  adjusted  to  the  time  the  charge  is  to  remain 
in  the  furnace.  The  percentage  of  oxide  in  the  gas  is  regulated  by  the 
admission  of  air.  The  total  cross  section  of  flues  and  capacity  of  the  blast 
producing  machinery  must  of  course  be  governed  always  by  the  maximum 
grade  of  ore  that  is  to  be  treated.  Tn  working  some  ores  it  is  necessary  to 
run  as  hot  as  possible  without  danger  of  igniting  the  bags  and  other  parts 
of  the  apparatus,  while  with  other  ores  better  results  are  obtained  by  run¬ 
ning  comparatively  cold. 

Technical  Results. — Formerly  the  average  charge  used  to  consist  of  100 
parts  of  franklinite.  55-68  parts  of  reducing  coal  and  45-95  parts  Vf  hoatin^ 
coal.  The  ore,  assaying  about  34%  ZnO,  yielded  approximately  *4-50% 
of  first  quality  zinc  white,  assaying  99-87%  ZnO,  and  1-5%  0f  second  qual¬ 
ity,  assaying  99-34%  ZnO.  The  residuum  amounted  to  66-22%  of  the  ore 
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Its  composition,  according  to  C.  F.  McKenna,1  was  about  3643%  Fe203 
(25*51%  Fe),  15*83%  MnO  (12*26%  Mn)  and  9*85%  ZnO  (7*91%  Zn) ; 
but  the  percentage  of  ZnO  was  sometimes  as  high  as  11*85  (9*52%  Zn). 
Besides  the  iron,  manganese  and  zinc  oxides,  the  residuum  contains  lime, 
magnesia  and  alumina. 

Since  the  introduction  of  the  Wetherill  process  of  magnetic  separation  the 
franklinite  treated  has  averaged  only  28%  ZnO  and  it  is  expected  that  bet¬ 
ter  practice  will  enable  26%  ore  to  lie  worked.  It  has  been  found  that  about 
the  same  yield  can  be  obtained  from  a  works  of  a  given  size  with  28% 
ore  free  from  zinc  silicate,  or  nearly  so,  as  can  be  obtained  with  34%  ore 
with  zinc  silicate  present,  because  no  limestone  is  required  in  order  to  make 
the  silicate  give  up  its  zinc  and  consequently  the  same  furnace  and  fuel 
work  a  larger  volume  of  ore.  With  28%  ore  the  residuum  assays  4*11% 
Zn,  36*99%  Fe,  15*67%  Mn  and  16*23%  Si02.  In  regular  practice  about 
83%  of  the  zinc  in  the  ore  is  volatilized  and  recovered  as  oxide. 

Smelting  the  Residuum  for  Spiegeleisen. — The  residuum  is  smelted  for 
spiegeleiscn  in  low  blast  furnaces,  it  being  impossible  to  use  high  furnaces, 
since  it  is  necessary  to  discharge  the  gases  at  a  sufficiently  high  temperature 
to  prevent  the  zinc  oxide  from  depositing  in  the  throat.  In  smelting  this 
residuum  the  zinc  is  reduced  and  volatilized  in  the  lower  part  of  the  furnace 
and  partly  reoxidized  higher  in  the  shaft  is  carried  off  with  the  escaping  gas. 
It  is  only  partly  reoxidized,  large  quantities  being  carried  over  as  blue 
powder  containing  sometimes  as  much  as  90%  Zn.  The  downcomer  of  the 
furnace  leads  the  zinc-laden  gases  into  condensers  which  are  installed  in 
duplicate  so  that  one  set  may  be  cleaned  while  the  other  is  in  use.  At  the 
zinc  oxide  works  at  Newark,  N.  «T.,  each  set  consists  of  eight  clusters  of 
nine  vertical  pipes,  connected  at  top  and  bottom  with  separate  rectangular 
cast  iron  chambers.  There  are  thus  72  pipes  and  16  boxes  in  each  set.  The 
pipes  are  made  of  sheet  steel,  12  in.  in  diameter  and  23  ft.  long.  The  lower 
boxes  are  4  ft.  10  in.  square  and  7  ft.  3  in.  high.  About  one  third  of  their 
interior  is  filled  with  brick  work  sloping  to  the  discharge  door.  The  latter 
is  2X3  ft.,  hung  at  the  top  and  opening  outward.  In  the  tops  of  the 
upper  boxes  there  are  nine  circular  holes,  11  in.  in  diameter,  closed  by  lids 
weighing  50  lb.,  which  are  free  to  be  blown  off  in  case  of  explosion  of  gas  in 
the  condenser.  From  the  last  box  of  the  set  a  36  in.  gas  main  leads  to  the 
hot  blast  stoves  and  boilers.  The  condensers  yield  chiefly  a  yellowish-brown 
dust,  containing  about  75%  ZnO,  which  in  quantity  amounts  to  about  2*3% 
of  the  weight  of  the  ore  charged  into  the  Wetherill  furnaces. 

The  spiegeleisen  blast  furnaces  of  the  older  works  are  42  ft.  high,  7  ft.  in 
1  School  of  Mines  Quarterly,  XVII,  p.  171. 
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diameter  at  tlic  throat,  8  ft  at  the  bosh,  and  6  ft.  at  the  tuyeres.  The 
blast,  which  is  preheated  in  a  pipe-stove  to  about  480  (. is  blown  in 

•  through  five  4  in.  tuyeres.  The  top  of  the  furnace  is  closed  by  an  ordinary 
cup  and  cone  charger.  The  bosh,  which  is  constructed  of  brick,  9  in.  thick, 
is  protected  by  an  outer  water  jacket  extending  3  ft.  above  the  tuyeres.  In 
smelting  the  residuum  from  100  tons  of  franklinite,  amounting  to  66-22 
tons,  there  is  obtained  31-72  tons  of  spiegeleisen,  57-8  tons  of  slag,  and  2-32 
tons  of  flue  dust  assaying  74-16%  ZnO ;  this  oxide  is  too  impure  to  be  used 
for  paint,  and  is  therefore  sent  to  the  spelter  furnaces.  In  24  hours  there 
is  obtained  10  tons  (22,400  lb.)  of  spiegeleisen  per  furnace,  for  the  produc¬ 
tion  of  which  there  are  required  20-86  tons  of  residuum,  11-47  tons  of  lime¬ 
stone,  and  20-86  tons  of  anthracite.  The  furnace  gas  is  burned  under  the 
steam  boilers.  The  plans  for  the  new  Palmorton  works  contemplate  the 
erection  of  four  blast  furnaces,  each  60  ft.  high  and  14  ft.  in  diameter  at 
the  bosh,  which  are  estimated  to  have  a  capacity  of  72,000  long  tons  of 
spiegeleisen  per  annum.  The  spiegeleisen  produced  in  the  older  works  as¬ 
says  about  14-96%  Mn,  0-412%  Si  and  0-048%  P. 

E.  O.  Bartlett  proposed  to  reverse  the  usual  method  of  making  zinc  oxide 
directly  from  the  ore,  in  which  the  blast  is  introduced  beneath  the  grate,  by 
blowing  on  a  charge  placed  on  glowing  coal  resting  on  a  suitable  grate  and 
drawing  off  the  fumes  through  the  grate  and  ash  pit  into  settling  chambers 
and  filtering  apparatus.1 

lb.  B.  Middleton  patented  a  special  furnace  for  the  direct  production  of 
zinc  white  from  ore.  This  furnace  is  of  the  reverberatory  type,  but  is  with¬ 
out  a  fire  bridge  and  has  a  fire  box  about  3  ft.  deep.  The  fire  box  is  filled 
with  fuel,  and  a  charge  of  roasted  blende,  or  calamine,  is  put  on  the  hearth. 
When  it  becomes  hot  it  is  raked  off  the  hearth  on  to  the  top  of  the  incandes¬ 
cent  fuel,  and  a  fresh  charge  is  put  into  the  furnace,  more  fuel  being  thrown 
into  the  fire  box  at  the  same  time.  As  soon  as  the  hot  ore  reaches  the  fuel 
zinc  flames  are  evolved  and  travel  over  the  hearth  into  a  suitable  condensing 
chamber.  The  fire  bars  of  the  furnace  are  carried  loosely  on  notched  bear¬ 
ers,  beyond  which  their  ends  project,  so  that  they  can  be  turned  by  means  of 
levers  in  order  to  break  up  and  remove  the  clinker.2 

Manufacture  from  Spelter.— In  the  manufacture  of  zinc  white  from 
spelter  in  Ppper  Silesia  the  metal  is  heated  in  retorts  to  its  boiling  point 
and  the  vapor  issuing  from  the  retorts  is  oxidized  by  air;  the  zinc  oxide 
thus  formed  is  collected  in  settling  chambers.  Since  tiie  crude  Silesian  zinc 
always  contains  lead,  of  which  the  oxide  gives  the  zinc  white  a  yellowish 

1 1  'nlted  Staton  pa  ton  t.  No.  515.043,  l<>b.  20.  1R04. 
s  Rrillsh  patent,  No.  12,274.  June  15,  1001. 
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cast,  carbonic  oxide  gas  from  burning  coke  is  introduced  into  the  retort,  to 
convert  the  lead  vapor  into  lead  carbonate,  which  being  heavier  than  the 
zinc  oxide  settles  first.  The  zinc  oxide  being  discolored  by  the  particles  of 
soot  from  the  eoke  smoke  must  he  glowed  in  order  to  make  a  marketable 
product.  In  order  to  avoid  the  latter  process  C.  Freitag1  introduced  a  blast 
of  air  into  the  pipe  conveying  the  coke  gas,  whereby  the  latter  is  completely 
burned  and  a  quicker  oxidation  of  the  zinc  takes  place.  The  Antonien- 
hiitte,  which  is  the  sole  producer  in  Upper  Silesia  of  zinc  white  suitable  for 
use  as  a  pigment,  has  11  furnaces,  each  comprising  11  muffles.  The  oxide  is 
collected  by  filtration  through  hags  as  in  the  American  practice.  The  out¬ 
put  is  about  1000  metric  tons  per  annum. 

Manufacture  of  Zinc  While  in  Belgium. — The  Societe  Anonyme  de  la 
Yieille  Montagne  produces  annually  between  (5000  and  8000  metric  tons 
of  zinc  white  in  a  factory  connected  with  its  Valentin-Cocq  smeltery.  This 
is  made  entirely  by  the  burning  of  spelter.  The  latter  is  volatilized  in  a 
special  form  of  retort;  the  vapor  issuing  from  the  orifice  of  the  latter  is 
oxidized,  and  the  fume  collected  by  a  current  of  air  is  conveyed  through  a 
series  of  pipes  into  long  settling  chambers,  where  it  is  deposited.  The  cham¬ 
bers  have  hopper  bottoms  terminating  in  tubes  to  which  bags,  ordinarily 
tied  up  at  the  lower  extremity,  are  attached.  The  oxide  is  removed  by  open¬ 
ing  the  bags  and  permitting  it  to  run  into  a  cask  or  any  other  suitable 
receptacle.  The  purity  of  the  oxide  depends  a  good  deal  upon  the  distance 
it  is  carried  in  the  settling  chamber  before  deposition,  for  which  purpose 
intermediate  chambers  are  interposed  between  the  retorts  and  the  final  set¬ 
tling  chamber  so  that  incompletely  oxidized  zinc  can  be  collected  separately. 
The  completely  oxidized  product  is  further  refined  by  levigation,  which 
affords  final  products  of  various  qualities.  The  latter  range  in  composition 
from  99-695  to  99-995%  ZnO  (80-002  to  80-243%  Zn),  0-20  to  0-002% 
PbO  (0-185  to  0-0019%  Pb),  0-1  to  0%  Cd,  and  0-005  to  0-003%  Fe..O;i. 
The  spelter  from  which  it  is  made  ranges  from  2  to  0-04%  Pb,  0-04  to 
0-012%  Fe  and  0-07  to  0%  Cd. 

Zinc  Sulphate  (Zinc  Vithiol). 

Zinc  sulphate  is  prepared  ordinarily  by  dissolving  spelter,  or  sheet  zinc 
scrap,  in  sulphuric  acid,  evaporating  the  solution  and  crystallizing  out  the 
salt.  ZnS04-f  7H20,  which  is  the  ordinary  “zinc  vitriol”  or  “white  vitriol” 
of  commerce.  Tt  is  also  made  from  zinkv  waste  products  and  direct  from 
ore.  In  making  the  sulphate  from  spelter  a  solution  is  readily  obtained, 

1  German  patent.  No.  42,564. 


678 


METALLURGY  OF  ZINC. 


from  which  only  the  black  floculent  matter  has  to  be  filtered  off,  a  very 
simple  matter;  in  making  it  direct  from  ore  the  solution  has  to  be  purified 
from  iron,  which  is  a  more  or  less  troublesome  process. 

In  the  United  States  zinc  sulphate  is  made  on  rather  a  large  scale  at  the 
Argentine  works  of  the  American  Smelting  &  Kefining  Co.,  where  zinc  oxide, 
mixed  with  a  certain  quantity  of  lead  oxide,  that  is  burned  off  in  the 
refining  furnaces  from  the  lead  which  has  previously  been  desilverized  by 
means  of  zinc  in  kettles  by  the  usual  process,  is  collected  and  treated  with 
sulphuric  acid.  The  zinc  is  taken  into  solution  as  sulphate  and  is  separated 
from  the  insoluble  lead  sulphate  by  filter-pressing.  The  zinc  solution  is 
then  conducted  into  water-cooled  tanks,  where  it  is  crystallized,  the  process 
being  conducted  in  such  a  way  as  to  produce  the  small  crystals  which  are 
required  by  the  trade  supplied  from  these  works.  This  trade  is  chiefly  with 
manufacturers  of  glue.  The  cakes  of  lead  sulphate  discharged  from  the 
filter  presses  are  returned  to  the  regular  lead  smelting  process.  The  pro¬ 
duction  of  zinc  sulphate  at  Argentine  by  this  process  amounted  to  145  tons 
of  2000  lb.  in  1898,  in  which  year  the  business  was  first  undertaken,  and 
528  tons  in  1899. 

A  similar  method  of  preparing  zinc  vitriol  is  in  use  at  the  lead  smelting 
works  at  Lautenthal  in  the  Upper  Harz,  where  the  zinc  crust  resulting  from 
the  desilverization  of  base  bullion  is  converted  by  steam  into  rich  lead  and 
argentiferous  zinc  oxide.  The  latter  is  treated  with  dilute  sulphuric  acid, 
in  lead-lined  wooden  vats,  whereby  the  silver  contents  are  collected  in  the 
residual  slime  while  the  zinc  is  taken  into  solution.  Ferrous  oxide  in  the 
solution  is  peroxidized  by  the  addition  of  fused  saltpetre  and  manganese 
dioxide,  and  is  precipitated  and  separated  as  ferric  oxide.  The  purified 
solution  is  then  neutralized  with  zinc  dust  before  crystallization  of  the  zinc 
sulphate,  since  that  salt  when  employed  for  the  manufacture  of  lithophone 
must  not  be  too  acid. 


Manufacture  Directly  from  Ore. — In  Germany  there  is  a  consider¬ 
able  production  of  zinc  sulphate  directly  from  ore  at  the  Herzog  Julius 
works  at  Astfeld  and  the  Frau  Soph  ion  works  at  Langelsheim,  both  places 
being  near  Goslar  in  the  Lower  Harz,  where  mixed  sulphide  ore  from  the 
Kammelsberg  mine,  which  is  not  far  distant,  is  treated.  Inasmuch  as  the 
practice  at  those  works  is  one  of  the  best  examples  of  the  hydrometallur<ncal 
extraction  of  zinc  from  mixed  sulphide  ores,  the  process  employed  at  them 
will  be  described  in  detail  as  carried  out  at  the  time  of  a  visit  in  1893  I 
have  been  assisted  also  in  preparing  this  account  by  Professor  Bruno  Korl's 
paper  on  the  “Production  of  Zinc  Vitriol  from  the  Zinc-Lead  Ores  of  the 
Harz,”  in  The  Mineral  Industry,  Vol.  IV.  GS  °f  ^ 
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Character  of  the  Rammelsberg  Ore— The  Rammelsberg  deposit,  near 
Goslar,  occurs  in  a  schist  formation  of  the  Lower  Devonian,  and  consists  of 
an  intimate  mixture  of  gold  and  silver  bearing  pyrite,  chalcopyrite,  blende 
and  galena,  with  gangue  chiefly  of  heavy  spar  and  intermixed  country  rock 
(schist).  Owing  to  the  intimate  mixture  of  the  barite  and  blende  with  the 
other  sulphides  nothing  but  a  simple  mechanical  preparation  of  the  ore  is 
attempted,  this  consisting  merely  of  a  sorting  according  to  the  predominant 
mineral  (copper  ore,  lead  ore,  mixed  or  copper-load  ore,  pyritous  ore,  etc.). 
Each  kind  of  ore  is  again  sorted,  according  to  size  of  the  pieces,  into  Stuff- 
erz  (pieces  of  8  kg.  weight),  Bergkern  (pieces  the  size  of  the  first),  Wasch- 
kern  (egg-size  pieces),  Graupel  (pieces  from  the  size  of  strawberries  to  hazel 
nuts),  and  Schlieg  (or  fines).  The  copper  ore  is  separated  according  to  its 
copper  contents  into  three  kinds.  No.  1,  No.  2  and  No.  3;  the  lead  ore  into 
pure  sulphide  and  that  with  much  heavy  spar  (Grauerze). 

Of  the  ores  above  described,  the  copper,  mixed,  and  pyritous  ores  (the 
mixed  ores  predominating  so  that  the  average  tenor  of  all  ores  does  not 
exceed  5%  Cu)  are  sent  for  reduction  to  the  Okerhiitte,  and  the  lead  ores 
to  the  Herzog  Julius  and  Frau  Sophienhutte.  In  connection  with  the  metal- 
lurgy  of  zinc  onlv  the  treatment  of  the  latter  is  of  interest.  Some  references 
to  the  metallurgical  processes  employed  in  the  Lower  Harz  are  given  in  the 

subioinecl  footnote.1  ,  . 

At  the  Herzog  Julius  and  Frau  Sophienhutte  is  treated  the  zinc-lead  ore 

(consisting  of  about  27%  blende,  11-5%  galena,  1-5%  c^copyrite,  i-4% 
pyrite  and  46%  barytes,  calcite  and  clay  shale),  about  90%  of  which  is 
Stufferze  and  Bergkern  and  the  remainder  fines,  the  whole  Rveraging  % 
Fb,  18%  Zn,  5%  Fe,  0-3%  Cu,  0-013  to  0-016%  Ag  and  13  to  16%  S. 
combined  sulphides  (galena,  blende,  chalcopyrite  and  pyrite)  constitute 
about  50%  of  the  mass  of  the  ore,  the  other  half  consisting  chiefly  of  heavy 
spar  with  a  little  calcite  in  the  coarse  ore,  and  chiefly  of  schis  (country 
rock)  in  the  fine.  The  Stufferze  and  Bergkern  are  richer  m  blende  t  . 
Se  mschkern,  Graupel  and  Schlieg.  Since  the  sampling  of  heaps  of  ore 
of  such  different  size  is  uncertain,  the  ore  is  taken  by  the  works  from  the 

of  this  ore  is  based  on  smelting  for  lead  by 
the  roast  reduction  process,  but  since  zinc  blende  has  a  disastrous  influence 

•  •  <  r"F i r  J  TTISf  +  nn 


i  Wimmer,  Ueber  den  Rammelsberg  Berg- 
bau,  and  Briluning,  Ueber  die  Okejrstlien 
IHittenwerke ;  Slegemann.  Ueber  die  Herzog 
Tulius  und  Frau  SopblenliUtten,  to  PP-. 
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upon  the  separation  of  the  lead  and  silver  and  the  formation  of  a  good  slag, 
and  also  interrupts  the  furnace  campaign  by  the  formation  of  crusts  and 
scaffolds,  the  plan  is  adopted  to  convert  the  zinc  in  the  roasting  so  far  as 
possible  into  sulphate,  which  can  be  leached  out  with  water,  leaving  thereby 
an  ore  capable  of  fairly  easy  smelting. 

Boasting. — In  determining  the  roasting  process  as  a  preliminary  to  the 
above  scheme  various  considerations,  especially  the  desirability  of  producing 
the  greatest  possible  quantity  of  soluble  zinc  sulphate,  led  to  the  adoption  of 
heap-roasting,  notwithstanding  its  drawbacks  of  imperfect  desulphurization, 
long  duration  and  development  of  sulphurous  fumes  in  the  open  air.  This 
method  is  still  employed  both  at  Astfehl  and  Langelsheim.  The  abundant 
quantity  of  lump  ore  for  building  the  heaps  and  the  high  sulphur  contents 
of  the  ore  make  a  long  maintenance  of  heat  in  the  roast  heaps  possible  if  the 
latter  are  built  sufficiently  large. 

In  building  a  roast  heap  a  foundation  of  slag  and  clay  is  first  tamped 
down,  upon  which  is  laid  a  thin  sheet  of  dry,  fine  ore;  on  this  layer  (30  to 
40  cm.  high)  is  placed  a  rectangular  bed  of  cordwood  (40  to  50  cm.  high, 
or  35  to  40  cu.  m.)  and  fagots,  the  sides  of  the  bed  being  10  to  12  m.  long, 
so  arranged  that  the  sticks  form  air  channels  or  flues.  Upon  this  bed  are 
placed,  one  over  the  other,  250  tons  of  Stuff erze,  100  tons  Bergkern,  14  tons 
Graupel  and  20  tons  Sehlieg,  so  that  the  heap  of  400  tons  of  ore  is  arranged 
in  the  form  of  a  truncated  pyramid  2  m.  high,  the  base  covering  11*5  m. 
square  and  the  upper  surface  4  m.  square,  the  sloping  sides  being  4-5  m. 
long.  After  covering  the  sides  with  a  thick  layer  of  sifted  ore  from  a 
previous  roasting,  the  wood  is  kindled  from  the  windward  side.  This  must 
burn  up  in  24  to  36  hours  in  order  that  the  sheet  of  ore  lying  above  it  may 
be  ignited  uniformly,  after  which  the  oxidation  of  the  sulphur  maintains  the 
requisite  roasting  temperature. 

Since  with  the  proportionately  large  heap,  and  the  size  of  the  pieces  of 
ore  which  compose  it,  the  air  cannot  penetrate  everywhere,  a  part  of  the 
sulphur  of  the  pyrites  is  merely  volatilized  and  condenses  near  the  cool 
upper  surface,  beginning  to  show  about  three  or  four  weeks  after  the  burn¬ 
ing  of  the  wood.  As  soon  as  the  layer  of  Sehlieg  is  saturated  to  a  depth  of 
about  20  cm.,  30  hemispherical  colanders,  30  cm.  in  diameter  and  20  cm. 
deep,  are  tamped  in  the  upper  surface  in  rows,  and  in  these  up  to  about 
the  end  of  the  third  month  molten  sulphur  collects.  This  is  from  time  to 
time  ladled  into  moistened  wooden  vessels  and  carried  to  the  sulphur  refin¬ 
ery  common  to  the  two  works.  The  sulphurous  acid  fumes  escaping  from 
the  heap  also  cease  after  about  three  months,  but  are  still  developed  in  the 
interior  and  are  consumed  in  the  formation  of  sulphates.  Eight  or  nine 
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months  after  the  burning  of  the  wood  the  cooling  of  the  heap  and  entire 
cessation  of  fumes  indicate  the  end  of  the  roasting,  and  tlve  heap  is  then 
broken  down  by  means  of  picks  and  the  loosened  material  is  raked  over  to 
separate  the  lines,  which  form  the  leaching  product,  from  the  coarse  pieces. 
The  lines  are  due  especially  to  the  rich  pyritous  ore,  which  is  decomposed  in 
consequence  of  the  more  abundant  formation  of  sulphates. 

The  still  incompletely  roasted  lumps  are  broken  up  with  long  hammers 
and  subjected  to  a  second  roasting  on  a  bed  of  wood  in  heaps  of  about  10  m. 
width,  15  to  25  m.  length  and  3  m.  height,  consisting  of  500  tons  and  more. 
These  heaps  are  built  under  sheds  and  no  covering  of  line  roasted  ore  is  put 
upon  them.  Tliey  are  so  built  in  order  that  they  may  not  be  cooled  down 
by  rains  and  atmospheric  exposure,  the  low  sulphur  content  of  the  material 
furnishing  but  little  heat,  and  also  to  guard  against  leaching  out  of  zinc 
vitriol.  The  product  of  the  second  roasting  is  handled  in  the  same  manner 
as  that  of  the  first,  and  the  coarse  material  sorted  out  is  sledged  an  ’  roasted 
a  third  time.  The  second  roasting  lasts  six  to  eight  weeks,  the  third  three 
to  six  weeks.  After  each  roasting  the  fines  are  separated,  until  at  last  the 
lumps  still  remaining  contain  less  than  5%  S;  the  thrice-roasted  ore  is  then 
sent  to  the  smelting  furnaces.  The  fines  from  the  second  and  third  roast¬ 
ing  are  poorer  in  sulphates  (containing  15  and  12%  respectively)  than  the 
fines  from  the  first  (which  contain  20  to  25%),  being  richer  in  heavy  spar, 
of  which  the  lumps  do  not  crumble  in  the  first  roasting,  and  also  in  oxides, 
which  are  formed  from  the  sulphate  in  the  second  and  third  heaps  in  the 
absence  of  a  covering  of  fine  ore.  Richest  of  all  in  sulphates  is  the  covering 
of  the  first  heap,  which  contains  from  50  to  60%.  In  the  finest  almost 
half  of  the  zinc  is  converted  into  a  sulphate  soluble  in  water,  existing  o- 
gether  with  iron  sulphate;  and  it  follows  that  the  solutions  derived [  from  the 
fast  roastings  arc  purer  than  those  from  the  first.  In  roasting  100  tons  of 
raw  ore  an  average  of  13-9  cu.  m.  of  brushwood  (fagots)  and  212  pieces  of 

cord  wood  are  required.  ,  , 

Leaching  Boasted  Ore.- The  leaching  of  the  roasted  ore  was  formerly 

carried  out  in  two  rows  of  vats,  5-50X1-80X0-53  m„  arranged  interlace 
Zm  and  stirred  by  hand  with  wooden  paddles,  but  in  1888.  in  order  to 
ciuicken  and  cheapen  the  process,  lead-lined  wrought  iron  barrels,  1  nu  in 
diameter  and  14  m.  long,  revolved  mechanically,  were  introduced.  These 
barrels  have  horizontal  ribs  on  their  inner  sides,  which  serve  to  strengt 
them  and  also  to  agitate  the  pulp.  The  barrel  is  fi  led  from  a  hopper  hold- 
•'  tV  amount  of  the  charge  (1200  kg.)  provided  with  a  gate  at  the  bo  - 
tom  through  which  the  pulp  runs  directly  into  the  opening  of  the  barrel. 
The  barrel  is  filled  with  warm  weak  solution  and  closed,  after  which  it 
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revolved  for  20  minutes,  20  times  per  minute,  by  gearing  driven  r 
main  line  shaft.  After  the  solution  is  completed  the  barrel  is  thrown 
of  gear  and  turned  by  a  crank  until  the  opening  comes  uppermost,  the 
pulp  is  then  allowed  to  stand  until  the  coarsest  has  settled,  when  the  liquor, 
35  to  40°  B.  in  strength,  is  drawn  off  through  a  tap  and  carried  through  a 
movable  launder  into  a  masonry  conduit.  The  barrel  is  again  filled  three 
quarters  full  with  warm  weak  solution  and  rotated,  the  second  solution, 
20  to  25°  B.  in  strength,  being  drawn  off  in  the  same  manner  as  the  firs., 
with  which  it  is  mixed  so  that  the  whole  has  a  strength  of  about  30°  B.  and 
is  free  from  danger  of  crystallization  of  the  salts  in  solution.  The  liquor, 
which  clears  itself  somewhat  in  the  masonry  conduits,  is  drawn  into  a  deep 
settling  basin.  After  the  barrel  residue  has  been  treated  a  third  and  fourth 
time  with  warm  water  and  the  solutions  (respectively  10  to  15°  B.  and  7 
to  10°  B.  strong)  have  been  drawn  off  into  the  weak  solution  basin,  whence 
the  liquor  is  pumped  for  treating  fresh  ore,  the  exhausted  ore  is  discharged 
into  a  car  beneath  the  barrel. 

Evaporation  and  Crystallization. — 1'  or  the  separation  of  the  iron  fiom 
the  crude  solution,1  the  latter  is  heated  to  80°  to  90°  C.  for  20  or  24  hours 
in  lead  pans,  supported  on  iron  plates  4  m.  long,  3  m.  wide  ami  0*(>2  m.  deep 
(7-2  cu.  m.  capacity),  whereby  basic  ferric  sulphate,  together  with  sulphate 
of  lime  and  other  insoluble  salts,  are  separated.  The  liquor  is  then  drawn 
off  through  a  tap  in  the  lower  part  of  the  pan,  or  by  moans  of  a  siphon,  into 
lead-lined  wooden  vats  of  7  cu.  m.  capacity  to  settle  the  precipitated  salts, 
the  clear  liquor  being  tapped  out  into  a  basin,  whence  it  is  pumped  into 
lead-lined  iron  pans  of  the  same  size  as  those  in  which  the  insoluble  salts  are 
separated,  where  it  undergoes  concentration.  The  vaporized  water  is  re¬ 
placed  by  solution  of  30°  B.  until  at  the  end  of  about  3G  hours  a  concen¬ 
tration  of  47  to  50°  B.  is  attained.  The  hot  concentrated  liquor  is  then 
run  into  lead-lined  wooden  vats  which  have  V  shape  bottoms.  These  vats 
arc  1-75  m.  wide,  7  m.  long,  0-61  m.  deep  in  the  middle  and  0-43  m.  at  the 
sides,  having  a  capacity  of  6-62  cu.  m.  After  six  or  seven  days  the  zinc 
vitriol  has  crystallized  out  in  rhombic  prisms,  when  the  mother  liquor  is 
tapped  out  through  a  hole  in  the  bottom  into  a  reservoir,  whence  it  is  re¬ 
turned  to  the  concentrating  pans  until  its  tenoi  in  foreign  salts  (iron  and 
copper  sulphates)  becomes  too  high.  The  zinc-vitriol  crystals  are  shoveled 
into  cars  and  carried  to  the  drying-room,  where  they  are  emptied  upon  a 
sloping  platform,  whence  the  mother  liquid  drains  away.  The  vitriol  is 

1  (n  n Hpmnt  ha-?  boon  made  to  separate  Hze  out  ntul  Is  lost  In  the  mother  liquor. 

rr-  -  -  — » 
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composed  with  slight  variation  as  follows:  ZnO,  27%;  MnO  0-50%* 
FeO,  0-05%;  S03,  27-95%;  H20,  44%;  total,  99-50%.  The  0-50%  un¬ 
accounted  for  consists  among  other  things  of  about  0-05%  cadmium  oxide 
and  0-01%  cobalt  and  nickel  protoxide.  It  is  shipped  in  sacks  or  in  bulk. 
'When  chemically  pure,  crystallized  zinc  sulphate  contains  28-24%  ZnO 
27-87%  S03  and  43-89%  H20. 

Preparation  of  Calcined  Vitriol. — In  order  to  save  transportation  on  the 
Mater  of  crystallization,  a  portion  oJ  the  latter  is  sometimes  eliminated  by 
calcination,  lhe  crystals  are  melted  in  their  water  of  crystallization  in  a 
cojiper  kettle  1  m.  deep  and  1-18  m.  in  diameter,  without  allowing  the  solu¬ 
tion  to  come  to  the  boiling  point,  in  which  case  zinc  sulphate  would  stick  to 
the  sides  of  the  kettle.  As  soon  as  the  charge  has  become  fluid,  it  is 
skimmed  and  transferred  by  means  of  a  copper  ladle  into  a  trough,  through 
which  it  is  conveyed  to  a  vat  with  sloping  sides,  where  it  is  stirred  with  a 
wooden  paddle  for  two  or  three  hours,  or  until  it  sets.  By  this  process  about 
one  half  of  the  water  of  crystallization  is  driven  off. 

Smelting  the  Residuum. — The  leached  ore  discharged  from  the  barrels  is 
collected  in  sumps,  whence  it  is  periodically  removed  and  after  being  dried 
is  smelted  for  lead  in  blast  furnaces.  It  is  still  high  in  zinc,  involving 
peculiarities  in  the  smelting  process,  which  fall,  however,  into  the  metal¬ 
lurgy  of  lead  rather  than  into  that  of  zinc. 

Itses  of  Zinc  Sulphate. — Zinc  sulphate  is  used  somewhat  as  a  mordant 
m  dyeing  and  calico  printing;  as  a  disinfectant;  for  preserving  and  clarify¬ 
ing  glue  solutions;  in  medicine  as  an  astringent,  and  in  lotions;  in  the  prep¬ 
aration  of  dryers  for  “boiled  oils”;  and  to  some  extent  as  a  preservative  for 
hides.  In  Germany  the  largest  use  is  for  the  manufacture  of  lithophone, 
for  which  purpose  there  is  also  an  important  consumption  in  the  United 
States.  Zinc  sulphate  also  finds  employment  in  the  chemical  industry  as  a 
precipitant  of  contaminating  sulphides  in  certain  processes. 

Crystallized  zinc  sulphate  is  marketed  in  the  United  States  in  kegs  of 
200  lb.  and  in  barrels  of  350  lb.  The  wholesale  price  at  New  York  in 
April,  1901,  was  2-5@2-75c.  per  pound.  Probably  2@3c.  per  lb.  would  be 
a  fair  range.  Reckoning  zinc  as  costing  4c.  per  lb.  and  sulphuric  acid  of 
(50°  B.  as  $8  per  2000  lb.,  the  cost  of  the  raw  material  in  a  pound  of  crystal¬ 
lized  sulphate  is  l-075c. 

Lithophone. 

A  considerable  quantity  of  zinc  is  employed  as  a  pigment  and  for  other 
purposes  under  the  name  of  “lithophone,”  which  is  a  mixture  of  zinc  sul¬ 
phide  and  barium  sulphate,  prepared  by  a  double  chemical  precipitation. 
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A  portion  of  the  zinc  sulphide  is  likely  to  he  unavoidably  replaced  by  zinc 
oxide.  Theoretically  the  precipitate  should  consist  of  about  30%  ZnS  and 
70%  BaS04;  a  commercial  product  assayed  G8%  BaS04,  24-85%  ZnS  and 
7-28%  ZnO.1  Different  makes  vary  somewhat  in  their  composition.2  Zinc 
sulphate  is  employed  as  the  source  of  the  zinc,  while  the  barium  sulphide 
is  prepared  by  heating  ground  barytes  mixed  with  fine  coal  and  leaching 
the  frit  with  hot  water. 

The  manufacturers  at  Schweinfurth  in  Bavaria  and  Schoeningen  in 
Brunswick  prepare  lithophone  by  precipitating  zinc  sulphide  and  barium 
sulphate  from  a  mixture  of  solutions  of  zinc  sulphate  and  barium  sulphide 
the  precipitate  being  washed,  dried  and  calcined.  The  furnaced  product  is 
thrown  into  water  while  still  hot;  it  is  then  ground  very  finely  and  dried. 

According  to  another  process,  that  of  Cowley,3  equivalent  quantities  of 
solutions  of  zinc  sulphate  and  barium  sulphide  are  mixed  and  0-5  to  1%  of 
freshly  prepared  magnesia  and  finely  pulverized  salt  are  added  to  the  pre¬ 
cipitate  before  filtration,  which  is  done  by  means  of  a  filter  press;  to  the 
dried  precipitate  3%  of  ammonium  chloride  is  added  and  the  whole  is  then 
glowed.  It  is  said  that  color  prepared  in  this  manner  does  not  darken  on 
exposure  to  the  sunlight  and  of  course  it  is  unacted  upon  by  gases  contain¬ 
ing  sulphureted  hydrogen. 

Lithophone  is  consumed  in  very  large  quantities  for  the  manufacture  of 
enamel  paints,  linoleum  and  table  oilcloth.  It  is  a  saturated  compound, 
and  it  does  not  continue  to  oxidize  linseed  oil ;  it  might  therefore  be  termed 
a  non-siccative.  In  making  enamel  paints  where  rosin  varnishes  are  em¬ 
ployed,  it  does  not  combine  with  the  rosin,  and  consequently  will  not  sa¬ 
ponify.  Because  of  the  fact  that  zinc  sulphide  is  photogenic,  lithophone 
absorbs  light  and  turns  grayish  black  when  exposed  to  brilliant  sunlight, 
but  when  placed  in  a  dark  room,  it  loses  its  gray  effect  and  turns  white 
again.4 * * *  Thus,  enameled  iron  bedsteads,  which  were  gray  when  exposed  to 
sunlight,  after  dark  would  appear  white.8 

In  the  manufacture  of  lithophone,  a  great  purity  of  the  raw  materials  is 
necessary  for  the  production  of  a  pure  white  precipitate.  If  the  barytes 


1  The  Mineral  Industry,  VII,  88. 

2  By  using  a  larger  proportion  of  barium 
sulphide  than  called  for  by  the  formula  and 
precipitating  the  excess  with  another  zinc 
salt,  such  as  the  chloride,  or  with  sodium 

sulphate,  mixtures  containing  a  higher  or 

lower  percentage  of  zinc  sulphide  are 

thrown  down.  The  tendency  is  to  skimp 

the  zinc,  which  is  the  more  expensive  in¬ 

gredient.  References  as  to  the  methods  of 

analysis  for  lithophone  may  be  found  in 


.Tourn.  Snc.  Ohem.  Ind.,  XXI.  427;  ibid 
XXI,  1145;  Bull.  Soc.  Ohlmique,  XXVII 
829 ••  il>id-  XXVII,  5)43 ;  Ohem.  Ztg.  Repert 
XXVI,  229;  ibid.  XXVI,  207. 

•Chemical  News.  ism.  pp.  03  and  OS. 
11.1s  phenomenon  takes  place  in  the  nre<= 
ence  of  organic  matter. 


8  Maximilian  Toch.  Journ  Soc 
.Tan.  31,  15)02,  p.  103. 


Chem.  Ind., 


MANUFACTURE  OF  ZINC  DUST,  ZINC  WHITE,  ETC. 


685 


that  is  used  be  ferruginous,  or  if  iron  be  present  in  tlie  zinc  sulphate,  the 
precipitate  will  be  discolored  also  by  iron.  Lithoplione  will  not  replace  zinc 
white  and  white  lead  as  a  general  pigment,  because  exposure  appears  to 
ail'ect  it.  Aside  from  that  drawback,  lithoplione  is  an  admirable  pigment, 
having  a  great  covering  power  and  some  other  excellent  qualities.  If  a 
compound  of  zinc  oxide  and  barium  sulphate  could  be  prepared  chemically, 
it  would  be  an  ideal  pigment,  inasmuch  as  it  would  have  the  excellent 
properties  of  an  artificial  mixture  of  zinc  white  and  blane  fixe  (precipitated 
barium  sulphate).  Processes  for  the  production  of  such  a  compound  have 
been  invented,  but  so  far  as  I  am  aware  have  not  yet  been  applied  prac¬ 
tically.1  However,  lithoplione  is  likely  to  contain  a  certain  proportion  of 
zinc  as  oxide,  instead  of  sulphide,  because  barium  sulphide  undergoes  a  par¬ 
tial  decomposition,  when  dissolved  in  water,  according  to  the  equation 


2BaS+2H20=Ba  ( SIT )  2+Ba  (OTT)  2. 


The  hydrosulphide  of  barium  precipitates  zinc  as  sulphide,  while  the 
hydroxide  throws  down  the  hydrous  oxide  of  zinc. 

Lithoplione  is  made  in  Germany  on  a  large  scale.  A  good  deal  used  to  be 
imported  into  the  United  States,  but  American  manufacturers,  who  are 
protected  by  a  duty  of  lc.  per  lb.,  have  now  secured  control  of  the  domestic 
market. 

A  variety  of  lithoplione  known  in  the  trade  as  “zinc  anhyride,”  or  “zinc 
barytes/’  is  prepared  by  intimately  mixing  chemically  equivalent  quantities 
of  chalk  (calcium  carbonate)  or  witherite  (barium  carbonate)  and  finely 
pulverized  zinc  sulphate  and  heating  the  mixture  in  a  specially  designed 
furnace  to  light  red  heat.  The  mixture  first  melts  in  the  crystal  water  of 
the  zinc  sulphate  which  facilitates  a  thorough  incorporation  of  the  ingre- 


1  A  recent  invention  of  Charles  B.  Jacobs 
holds  out  great  promise  in  this  direction.  lie 
discovered  that  at  the  high  temperature 
obtainable  with  the  electric  furnace  three 
parts  of  barium  sulphate  react  with  one 
part  of  barium  sulphide,  forming  barium 
oxide  and  sulphurous  anhydride.  In  practice 
he  mixes  In  enough  coal  to  form  the  required 
proportion  of  sulphide  in  the  furnace  charge. 
The  reactions  which  take  place  are  repre¬ 
sented  by  the  following  equations  : 


The  barium  oxide  is  dissolved  in  hot  water 
and  is  recovered  in  a  pure  condition  as 
barium  hydrate  fRa (OII)2  +  S  II-Ol  by  crys¬ 
tallization  from  the  solution.  The  sulphur¬ 
ous  anhydride  gas  Is  available  for  sulphuric 


4RaS04  -(-  40  =  3BaS04  +  BaS  -f  400 
3B&804  +  BaS  =  4IlaO  +  4SO, 


acid  manufacture.  The  electric  furnace  is  of 
the  continuous  type.  The  process  is  now  in 
use  at  Niagara  Falls,  N.  Y.,  by  the  l  nited 
Barium  Co.  The  percentage  of  the  barium 
sulphate  converted  is  said  to  be  so  high 
(97  to  98%)  and  the  cost  of  production  so 
comparatively  low  that  barium  salts  will  be 
available  at  much  lower  prices  than  hereto¬ 
fore.  Already,  after  less  than  a  year’s  ope¬ 
ration,  it  is  said  to  he  necessary  to  increase 
the  plant  to  a  capacity  of  60  tons  of  hydrate 
per  day.  Mr.  Jacobs  states  that  the  pigment 
made  by  precipitation  of  zinc  sulphate  has 
greater  covering  power  and  is  more  durable 
for  outside  work  than  zinc  white,  can  be 
mixed  with  other  pigments,  Is  almost  im¬ 
pervious  to  moisture  and  is  non-porous  when 
mixed  with  linseed  oil. 
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clients.  Continuing  the  heating  the  mixture  eventually  decomposes  to  cal¬ 
cium  or  barium  sulphate  and  zinc  oxide,  carbonic  acid  being  liberated.  The 
product  is  said  to  have  excellent  covering  qualities  as  a  paint  and  has  found 
a  ready  market. 

Sulphoplioue  is  a  mixture  of  calcium  sulphate  and  zinc  sulphate  or  oxide, 
which  is  prepared  in  a  manner  analogous  to  that  employed  for  lithoplione,  a 
solution  of  calcium  sulphide  being  used  instead  of  barium  sulphide. 

Zinc  Chloride. 

Zinc  chloride  is  usually  prepared  by  dissolving  scrap  zinc  in  muriatic 
acid  in  stone  or  earthenware  vessels.  The  solution  is  carefully  neutralized 
and  after  being  warmed  to  40  or  50°  C.  bleaching  powder  is  added  to  pre¬ 
cipitate  iron  and  manganese.  The  clear  solution  is  then  siphoned  off  and 
boiled  down  until  all  the  water  has  beemeliminated  and  the  chloride  remains 
in  a  molten  condition,  which  requires  a  temperature  slightly  in  excess  of 
2(12°  C. — the  melting  point  of  ZnCl2.  This  operation  Is  analogous  to  the 
boiling  down  of  caustic  soda  solutions  and  production  of  fused  caustic,  but 
although  zinc  chloride  behaves  in  somewhat  the  same  manner,  first  frothing 
up  and  then  settling  down  to  a  quiet  fusion,  there  are  special  difficulties  in 
the  process. 

If  traces  of  iron  in  the  zinc  chloride  are  unobjectionable  the  boiling  down 
may  be  done  in  iron  pots,  which  are  unattacked  by  the  chloride  so  long  as  no  , 
free  acid  is  present.  The  latter  is  likely  to  he  formed,  however,  inasmuch 
as  the  last  of  the  water  cannot  ordinarily  be  eliminated  without  decomposing 
some  of  the  chloride  with  the  formation  of  oxychloride  and  free  acid.  This 
not  only  detracts  from  the  value  of  the  product  by  the  presence  of  oxychlor¬ 
ide  and  iron,  but  also  causes  a  loss  of  chlorhydric  acid.  Enameled  iron 
pots  prevent  contamination  by  iron,  but  they  are  expensive  and  do  not  last 
long.  The  production  of  pure  and  perfectly  anhydrous  chloride  is  probably 
best  effected  by  effecting  the  evaporation  in  a  vacuum. 

Zinc  Chloride  and  Potassium  Chlorate. — An  interesting  method  for  the 
preparation  of  zinc  chloride  in  connection  with  potassium  chlorate  has  been 
described  by  K.  J.  Baver.1  In  carrying  out  this  process  chlorine  gas  is 
passed  into  zinc  oxide  suspended  in  cold  water,  whereby  zinc  chloride  and 
zinc  hypochlorite  are  first  formed,  the  whole  of  the  zinc  going  finally  into 
solution  according  to  the  following  equation  : 


2Zn0+4Cl=Znn,>+Znn;;02. 


1  Cliera.  7Ar.,  1895,  XIX,  1453  to  1455 


.Tourn.  Soo.  ('hem.  Ind.,  .Tan.  31,  ISOS,  p.  ro 
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The  zinc  hypochlorite  is  converted  into  zinc  chloride  by  potassium 
chloride,  potassium  chlorate  being  formed  in  the  reaction  as  follows : 

3ZnCl202+2KCl=3ZnCl2+2KC103. 

The  potassium  chloride  may  he  added  to  the  zinc  oxide  in  the  beginning 
or  after  the  solution  of  the  zinc  has  been  effected,  the  temperature  being 
maintained  at  90  to  95°  C.  In  either  ease  a  solution  of  about  30°  B.  is 
obtained  which  on  cooling  yields  fairly  pure  crystals  of  potassium  chlorate. 
On  concentrating  the  mother  liquor  to  about  60°  B.  the  greater  part  of  the 
remaining  potassium  chlorate  crystallizes  out.  The  mother  liquor,  then 
containing  only  very  little  potassium  chlorate,  is  treated  with  chlorhydric 
acid  and  evaporated  to  dryness  to  obtain  zinc  chloride.  The  apparatus  re¬ 
quired  differs  but  little  from  that  which  is  used  in  the  manufacture  of 
potassium  chlorate  by  the  lime  process,  the  two  processes  being  indeed  iden¬ 
tical  in  their  reactions  with  the  only  difference  that  zinc  oxide  is  substituted 
in  one  for  calcium  oxide  in  the  other.  The  evaporation  of  the  zinc  chloride 
solution  may  be  carried  out  in  iron  vessels,  preferably  in  a  vacuum,  if  traces 
of  iron  are  not  detrimental.  The  zinc  process  is  claimed  to  give  a  better 
yield  of  potassium  chlorate  than  when  either  lime  or  magnesia  is  employed, 
and  of  course  the  whole  of  the  chlorine  used  is  obtained  as  a  marketable 
product.  The  zinc  chloride  which  is  produced  is  very  pure  but  may  contain 
a  little  potassium  chloride,  which,  however,  is  not  detrimental  for  many 
purposes. 

Uses  of  Zinc  Chloride. — Zinc  chloride  is  employed  to  some  extent  for 
weighting  cotton  goods.  A  solution  of  sp.  gr.  1*7,  boiled  with  excess  of 
oxide,  forms  an  oxychloride  (ZnCl2,3Zn0.4lI,0)  which  dissolves  silk,  and 
may  be  used  for  separating  that  fiber  from  wool.  Zinc  oxychlorides  are 
also  used  as  pigments,  cements  and  for  making  artificial  teeth.  Solutions 
of  zinc  chloride  were  also  employed  by  Mercer  for  treating  cotton  in  the 
operation  of  “mercerizing.”  A  solution  of  zinc  ammonium  chloride  is  used 
in  soldering  for  the  purpose  of  removing  oxide  from  the  surface  of  the 
metals.  Anhydrous  zinc  chloride  is  sometimes  employed  instead  of  am¬ 
monium  chloride  as  flux  in  galvanizing.  The  chief  use  for  zinc  chloride  is 
in  the  preservation  of  timber  by  the  process  known  as  burnettizing,  which 
was  first  patented  by  Sir  W.  Burnett  in  1838. 

O.  Chanute,  the  leading  American  authority  on  this  subject,  concluded 
from  his  experience  that  if  wooden  railway  sleepers  be  injected  with  reason¬ 
able  uniformity  and  the  equivalent  of  0-5  lb.  of  dry  zinc  chloride  per  cubic 
foot,  as  is  done  in  Germany,  burnettizing  makes  them  last  10  to  12  years 
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in  the  track,  with  ordinary  exposure,  while  perhaps  half  that  quantity  will 
produce  the  same  result  in  the  more  arid  regions  of  the  l  nited  States.  I  he 
zinc-tannin  process  will  impart  to  them  a  life  of  13  to  14  years  and  the  zinc- 
creosote  process  may  extend  it  to  14  to  16  years.1 

Granulated  zinc  chloride  is  commonly  packed  in  barrels  containing  <00 
lb.  or  in  cases  containing  220  lb.  Its  value  at  New  4  ork  in  April,  1901, 
was  5@51/4c.  per  lb.,  according  to  the  size  of  the  order.  The  chloride  to 
be  used  for  the  preservation  of  wood  must  be  free  from  iron  and  purchasers 
generally  stipulate  as  to  the  percentage  of  oxychloride. 

1  Eng.  and  Min.  Journ.,  1900,  LXX,  GOG. 
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